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Experimental  Determination  of  Waiting  Times 
for  Meteor  Trail  Returns  of  Specified  Durations 


1 .  FEATURES  OF  THE  HIGH  LATITUDE  METEOR  SCATTER  TEST  BED 


The  GL  meteor  scatter  test  bed  in  Greenland  provides  data  to  address  a  number  of  questions 
associated  with  the  potential  performance  of  meteor  burst  communication  systems.  The 
efforts  under  this  measurements  program  are  concentrated  on  characterizing  the  time  and 
frequency  variations  of  the  meteor  scatter  channel  and  evaluating  the  effects  of  Ionospheric 
disturbances  on  the  charmel.  The  charmel  description  Includes: 


-  The  availability  of  useful  meteor  trails. 

-  The  potential  communication  capacity  associated  with  those  trails. 

-  The  occurrence,  persistence,  and  effects  of  competing  propagation  media  such  as 
Ionospheric  scatter  and  sporadic  E-Iayers. 

-  The  variations  In  the  mstantaneous  polarization. 

-  The  signal- to- noise  ratios  of  each  meteor  trail  return. 

-  The  fading  characteristics  of  the  charmel. 
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The  test-bed  is  comprised  of  two  diagnostic  meteor  scatter  links;  one  between  Sondrestrom 
AB  (SAB)  and  Thule  AB  (TAB),  operating  at  35.  45.  65,  85.  104,  and  147  MHz;  and  one  between 
Sondrestrom  AB  and  Narsarsuaq  (NSSQ),  operating  at  45.  65,  85.  and  104  MHz.  The  1200  km 
Sondrestrom  -  Thule  link  is  within  the  Polar  Cap.  while  the  700  km  Sondrestrom  - 
Narsarsuaq  link  passes  through  the  auroral  oval,  as  shown  in  Figure  1 .  This  Investigation 
used  only  the  Sondrestrom  -  Thule  link. 

Tlie  frequency  coverage  has  been  selected  to  examine  propagation  effects  such  as 
absorption  and  depolarization  from  35  MHz  at  the  very  low  end  of  the  VHF  frequency  band, 
where  meteor  scatter  links  have  maximum  yield  during  undisturbed  ionospheric  conditions,  to 
147  MHz  where  very  little  meteor  scatter  activity  takes  place,  but  where  absorption  and 
depolarization  are  much  less  severe  than  at  lower  frequencies. 

Table  1  gives  information  on  the  geographical  parameters  of  the  sites,  and  path  features 
that  lidluence  the  properties  of  the  test  bed  propagation  paths. 

Table  1.  Geographical  Parameters  for  the  Greenland  Paths 


TAB 

SAB 

NSSQ 

IXiNGlTUDE 

67“  51' 

50“  39' 

45°  27’ 

LATITUDE 

76°  33' 

66“  59’ 

61°  10' 

AZIMUTH 

SAB-TAB  UNK 

142° 

339° 

- 

SAB-NSSQ  LINK 

- 

159° 

341° 

TERMINAL  ELEV. 

240m 

250m 

10m 

HORIZON  ELEV. 

SAB-TAB  LINK 

O 

1 

►-» 

0 

1.8°-2.2° 

- 

SAB-NSSQ  LINK 

- 

0 

CO 

0 

5°-9° 

MIUPATH  ELEV. 

FOR  100  km  ALT. 

6.5“ 

14.3° 

GREAT  CIRCLE  DIST. 

1210  km 

692  km 

The  transmitters  and  receivers  used  in  the  links  are  not  conventional  communication 
system  components:  rather,  they  were  developed  to  investigate  both  propagation  and 
communication  features  of  meteor  scatter.  The  transmitters,  located  at  Sondrestrom  AB, 
sequentially  transmit  a  400  Hz  frequency  modulated  carrier  at  the  link’s  operating 
frequencies,  repeating  the  sequence  every  2  hours.  The  FM  is  added  to  distinguish  the  test  bed 
transmitter  signals  from  noise  and  interference.  The  transmitter  power  is  1000  W. 
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Figure  1 .  Geometry  of  the  GL  High  Latitude  Meteor  Scatter  Test-Bed 


On  the  Sondrestrom  -  Thule  link,  the  transmitting  antenna  polarization  Is  horizontal  for 
all  frequencies.  Five-element  Yagl  antennas,  positioned  approximately  11/2  wavelengths 
above  the  ground  to  equalize  the  gain  and  radiation  patterns,  are  used,  except  at  147  MHz 
where  a  14-element  Yagl  antenna  Is  used,  in  addition,  65  and  104  MHz  are  transmitted  with 
vertical  polarization  from  vertical  monopoles  on  the  Sondrestrom  AB  -  Narsarsuaq  link  to 
Investigate  the  relative  performance  of  horizontal  and  vertical  polarization. 

The  receivers,  at  Thule  AB  and  Narsarsuaq,  measure  the  characteristics  of  the  meteor 
scatter  returns  as  well  as  signals  carried  by  other  modes  of  propagation  that  originate  from 
the  transmitters  at  Sondrestrom. 

The  receiving  antennas  are  each  composed  of  a  pair  of  orthogonal,  linearly  polarized,  Yagl 
antennas  for  horizontal  and  vertical  polarization  measurements.  The  two  antermas  are 
mounted  on  a  common  boom  with  separate  lines  feeding  a  phase  locked-loop  receiver  with  two 
Identical  RF-IF  detector  charmels  for  each  frequency.  Thus,  the  amplitudes  associated  with 
each  antenna  and  the  phase  difference  between  the  two  signals  are  acquired,  permitting 
polarization  measurement  of  the  Incident  wave. 

The  dynamic  range  of  the  receivers  covers  the  range  from  -90  dBm  to  -155  dBm  referenced 
to  the  antenna  connectors  and  the  noise  bandwidth  Is  100  Hz.  The  receiving  system  Is  galactic 
noise  limited  at  all  frequencies.  The  diurnal  variation  of  the  galactic  noise  for  the  receiving 
system  at  Thule  AB  for  the  months  of  February.  March.  June.  September,  and  December  (1989) 
Is  presented  In  Appendix  A,  Figures  A1  to  A5.  The  diurnal  passage  of  the  cluster  of  noise 
sources  at  the  ecliptic  plsme  Is  clearly  seen.  The  diurnal  variation  of  the  galactic  noise  Is  not 
uniformly  distributed  airound  the  mean  due  to  the  strength  of  this  source  compared  to  the 
galactic  background  temperature. 

The  noise  varies  from  -140  to  -144  dBm  at  45  MHz,  from  -143  to  -147  dBm  at  65  MHz  and 
from  -147  to  -150  dBm  at  104  MHz.  The  average  noise  levels  are  -143  dBm  at  45  MHz,  -144 
dBm  at  65  MHz  and  -149  dBm  at  104  MHz.  The  receivers  require  a  10  dB  SNR  for  the  phase 
locked  loop  to  acquire  the  signal.  Thus,  the  available  d)mamlc  range  of  the  receiving  system 
as  a  whole  is  40-44  dB  at  45  MHz,  43-47  dB  at  65  MHz  and  47-50  dB  at  104  MHz.  Figure  2 
presents  an  overview  of  the  dynamic  range  of  the  receiving  system. 

The  signal  amplitude  data  collected  on  the  test  bed  Is  used  to  Ccdculate  the  dynamic  range 
for  systems  witli  transmitter  powers  and  receiver  bandwldths  different  from  the  1000  W  and 
400  Hz  inherent  in  the  test  bed.  Lines  marked  with  transmitter  power  levels  In  Figure  2  show 
the  boundaries  of  combinations  of  transmitter  power  and  system  bandwldths  available  from 
analysis  of  the  test  bed  data. 

The  received  data  consist  of  5-second  records  of  signal  power  from  both  the  horlzonally 
and  vertically  polarized  channels,  measurements  of  the  phase  difference  between  the  vertical 
channel  and  the  horizontal  channel,  and  an  indication  of  the  presence  of  the  400  Hz  FM 
signature,  in  operation,  data  are  collected  continuously  In  5-second  records.  Those  records  In 
which  the  400  Hz  signature  is  detected  are  stored  on  tape.  Data  cartridges  are  sent  to  the 
Geophysics  Laboratory  for  processing. 
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!J3u>u,u>  «  AVERAGE  NOISE  LEVELS 
^  ^a>  <55^  « 


SIGNAL  LEVEL  (dBm) 


Figure  2.  D3mamlc  Range  of  the  GL  Test  Bed  Receiving  System 
at  Thule  AB 


The  data  acquired  on  the  test  bed  are  transferred  to  the  GL  computer  and  the  date,  time, 
noise  level,  transmit  power,  frequency,  and  other  Information  Is  attached  to  each  data  record. 
Tlie  next  step  Is  classification.  In  which  the  dominant  propagation  mechanism  In  each  data 
record,  or  sequence  of  records.  Is  Identified. 

Classification  Is  an  Important  element  of  the  analysis  procedure  because  several  different 
propagation  modes  are  routinely  observed.  Due  to  differences  In  propagation  mechanisms 
these  modes  have  different  communlcatlot*  and  propagation  characteristics.  In  addition  to 
underdense  and  overdense  meteor  trails,  sporadlc-E  and  low  level  Ionospheric  scatter 
propagation  occur  frequently.  An  example  of  a  classified  meteor  trail  record  Is  shown  in 
Figure  3. 

If  the  dominant  propagation  mechanism  In  the  record  or  sequence  of  records  Is  meteor 
scatter,  then  the  type  of  trail  (underdense  of  overdense)  Is  Identified  and  entered,  along  with 
the  time  of  the  trail  and  Its  duration.  The  end  product  for  this  pwrtlon  of  the  data  analysis 
procedure  Is  a  set  of  data  bases  for  each  month  of  link  operation. 
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DATE  OF  RECORD: 


TIME  OF  RECORD  START. 


Figure  3.  Example  of  a  Meteor  Trail  Signal 

The  final  step  In  the  processing  procedure  Is  statistical  analysis  of  the  data  bases. 
Information  In  the  monthly  data  bases  can  be  retrieved  and  processed  usln^  a  menu-driven 
program  that  calls  a  subset  of  processing  routines.  The  main  menu  Is  shown  In  Table  2.  Each 
of  the  routines  has  approximately  10  options  that  allow  the  user  to  analyze  the  propagation 
and  communication  properties  of  the  charmel.  Consequently,  statistical  analysis  Is  divided 
Into  two  general  categories:  propagation  analysis  and  communication  analysis. 

The  propagation  statistics  allow  analysis  of  the  arrival  rate  of  trails,  their  duration  and 
Quty  cycle  as  a  function  of  trail  type,  signal  level,  time  of  day,  day,  and  frequency.  These 
statistics  can  be  used  for  a  variety  of  purposes  Including  determination  of  the  effect  of 
Ionospheric  absorption  and  to  calibrate  meteor  scatter  prediction  models. 

The  communication  statistics  allow  a  user  to  derive  the  performance  of  a  specified  llrJt 
from  the  actual  data.  Parameters  that  can  be  defined  by  the  user  are  the  data  rate, 
modulation,  bit  error  rate,  pn  ket  structure,  and  signaling  protocol.  Users  can  specify  either  a 
fixed  data  rate  system  or  an  adaptive  data  rate  system.  Available  statistics  include  time  to 
deliver  a  message,  and  throughput  as  a  function  of  time  of  day,  event  type  (underdense, 
overdense,  sporadlc-E,  or  low  level  scatter),  frequency,  modulation,  data  rate,  error  rate, 
packet  length,  and  packet  overhead. 

The  output  of  the  analysis  program  is  presented  in  either  table  form  or  as  plots  of  the 
content  of  the  tables. 
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Table  2.  Main  Menu;  Statistical  Analysis  Options 

1.  Number  of  arrivals  exceeding  a  RSL  threshold 

2.  Number  of  arrivals  exceeding  a  SNR  threshold 

3.  Distribution  of  time  above  a  RSL  threshold 

4.  Distribution  of  time  above  a  SNR  threshold 

5.  Noise  level  and  link-up  time  history 

6.  Distribution  of  durations  above  RSL  threshold 

7.  Distribution  of  durations  above  SNR  threshold 

10.  Throughput  for  idealized  adaptive  system  (for  all  events) 

1 1 .  Throughput  for  idealized  adaptive  system  (for  all  frequencies) 

12.  Throughput  for  realistic  frxed  rate  system  (for  all  frequencies) 

13.  Throughput  for  realistic  fixed  rate  system  (for  all  events) 

14.  Time  required  to  transmit  a  message  (for  realistic  fixed  rate  system) 

15.  Time  constants 

16.  Fade  statistics 

17.  Throughput  for  realistic  adaptive  rate  system  (all  frequencies) 

18.  Throughpui  for  realistic  adaptive  rate  system  (all  events) _ 


2.  DESCRIPTION  OF  THE  INVESTIGATION 


The  aim  of  the  Investigation  Is  to  determine  the  power  levels  for  which  the  waiting  times 
for  short  duration  trails  shift  from  being  primarily  determined  by  underdense  trails  to 
primarily  being  determined  by  overdense  trails.  This  shift  occurs  because  the  arrival  rate  of 
underdense  trails  Is  much  larger  than  the  arrival  rate  for  overdense  trails  at  low  SNRs  and 
much  less  than  the  eurlval  rate  for  overdense  trails  at  high  SNRs. 

The  decay  time  of  a  meteor  trail  return  Is  not  well  correlated  with  the  peak  amplltlde  of 
the  signal,  so  It  Is  not  a  simple  matter  to  derive  It  once  the  peak  amplitude  Is  known.  For  this 
reason  the  arrival  rate  of  signals  exceeding  a  given  SNR  cannot  be  translated  Into  the  waiting 
time  for  meteor  scatter  signals  of  a  given  duration.  Most  meteor  scatter  signals  fade,  so  the 
duration  of  a  signal  e.xceedlng  a  certain  SNR  Is  usually  not  determined  by  the  decay  time  of  the 
meteor  scatter  signal  but  rattier  by  the  fading  frequency.  Also,  the  signals  that  do  not  fade 
exhibit  a  wide  variety  of  decay  times. 

The  statistics  program  does  not  directly  determine  waiting  time  vs  signal  duration,  but  the 
waiting  time  for  the  transfer  of  messages  of  a  given  lengtfi  based  on  a  postulated 
communication  system  can  be  computed.  This  feature  has  been  used  to  compute  the  waiting 
time  statistics  presented  In  this  report  by  creating  messages  with  lengths  corresponding  to 
signal  durations  of  interest  for  the  Investigation. 

In  the  following  sections  of  this  report,  the  basic  meteor  scatter  signal  statistics  of  arrival 
rate,  duty  cycle,  and  duration  as  a  function  of  SNR  are  discussed.  Then  the  waiting  time 
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statistics  tor  meteor  scatter  signals  with  durations  exceeding  50,  75,  100,  150,  200,  and  400 
msec  are  presented  and  discussed. 

To  adapt  the  analysis  program  to  compute  waiting  time  as  a  function  of  signal  duration 
ratlier  than  as  a  function  of  message  length,  a  meteor  scatter  communication  system  with  a 
signaling  speed  of  8000  blts/sec,  binary  PSK  modulation,  and  a  BER  of  10“^  is  postulated.  Tht 
system  occupies  a  bandwidth  of  8000  Hz,  which  is  19  dB  above  the  100  Hz  bandwidth  of  the  test 
bed.  A  SNR  of  7  dB  In  the  occupied  bandwidth  is  required  to  obtain  this  BER  performance. 
Thus,  the  SNR  required  for  this  system  Is  26  dB  higher  than  the  SNR  measured  by  the  test  bed 
receivers. 

The  choice  of  signaling  speed,  emd  hence  system  bandwidth.  Is  arbitrary  for  the 
computations  as  long  as  the  resulting  range  of  SNRs  for  different  transmitter  powers  cover 
both  values  for  which  the  arrival  rate  is  dominated  by  underdense  trails  and  values  for  which 
the  arrival  rate  is  dominated  by  overdense  trails. 

The  statistics  program  allows  the  user  to  simulate  a  change  In  the  transmitter  power 
(nominally  1000  W)  by  moving  the  level  of  the  noise  floor  with  a  user  defined  SNR  power 
factor.  Thus,  a  SNR  power  factor  of -10  dtf  will  simulate  a  system  with  10  dB  more  power  than 
the  test  bed  transmitter,  a  SNR  power  factor  of  20  dB  will  simulate  a  system  with  20  dB  less 
power  than  the  test  bed  transmitter. 

For  a  transmitter  power  of  10.000  W  the  required  SNR  for  the  postulated  system  is  16  dB 
relative  to  the  SNR  of  the  test  bed  receivers.  Similarly,  transmitter  powers  of  100,  10,  5,  and 
2.5  W  require  SNRs  of  36.  46.  49,  and  52  dB  relative  to  the  SNR  of  the  test  bed. 

Message  lengtlis  of  400.  600.  800,  1200,  1600,  and  3200  bits  have  been  used  to  obtain  the 
required  durations  of  50.  75.  100,  150.  200.  and  400  msec.  To  convert  from  data  rate  to 
duration,  It  Is  necessary  that  the  system  does  not  use  message  piecing,  and  no  overhead  Is 
added  for  synchronization.  Such  a  system  Is  an  abstraction  with  no  physical  Implementation, 
but  it  Is  a  valid  approach  for  computations. 

The  statistics  program  computes  the  waiting  time  presented  in  the  tables  and  graphs  from 
the  average  waiting  time  and  the  required  confidence  as:^ 


confidence  =  1  -  Ume/ average  walling  time) 


(1) 


For  tnis  analysis,  a  confidence  of  0.5  has  been  chosen  and  the  average  waiting  time  Is 
found  by  multlpKing  the  waiting  time  presented  on  the  graphs  by  -1/ln  (0.5)  =  1.44. 

The  analysis  software  classifies  the  meteor  scatter  signals  as  underdense  or  overdense,  and 
separate  arrival  rate  and  duration  statistics  are  produced  for  the  two  types  of  trails,  as  well  as 
the  combination  of  both  types.  It  Is  not.  however,  possible  to  separate  the  waiting  time 
statistics  according  to  trail  type,  because  they  occur  Interspersed  In  time.  Thus,  for  a  given 
transmitter  power,  the  arrival  rate  statistics  for  the  required  SNR  will  show  If  the  waiting 

*  Weltzen.  J.A.  (1989)  USAF /GL  meteor  scatter  data  analysis  program.  A  user's  guide. 
Geophysics  Laboratonj  Tech  Report  GL  TR-89-0 1 54,  ADA214988. 
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Ume  Is  determined  predominantly  by  underdense  trails,  overde  ise  trails,  or  both.  The  waiting 
time  statistics  are  presented  as  a  function  of  frequency,  transmitter  power,  and  duration. 

This  report  presents  analyses  of  data  collected  at  45,  65,  and  104  MHz  in  February,  March, 
June,  September,  and  December  1989,  representative  of  the  seasonal  variation  of  meteor 
scatter  activity.  The  month  of  February  represents  the  yearly  minimum  meteor  activity  and 
the  months  of  June  and  September  represent  the  yearly  maximum  activity. 


3.  ARRIVAL  RATE  STATISTICS 


The  arrival  rate  is  defined  as  the  number  of  signals  received  each  minute  exceeding  a 
selected  SNR  threshold.  The  arrival  rate  can  be  referenced  either  to  a  Received  Signal  Level 
(RSL)  in  dBm,  or  to  a  Slgnal-to-Nolse  Ratio  in  dB. 

The  average  arrival  rates  of  underdense  and  overdense  meteor  trails  as  a  function  of  SNR, 
for  the  months  of  February,  March,  June,  September,  and  December  1989  at  45,  65,  and  104 
MHz,  are  presented  in  Appendix  B.  The  SNR’s  representing  transmitter  powers  of  10  kW, 

1000  W,  100  W,  and  10  W  for  the  postulated  communication  system  used  to  compute  the  waiting 
times  are  marked  on  the  figures. 

As  expected,  the  arrival  rates  for  underdense  trail  signals  exceed  those  for  overdense  trails 
at  low  SNRs  while  the  arrival  rates  of  overdense  trail  signals  exceed  those  for  underdense  trals 
at  high  SNRs.  Also,  the  arrival  rates  for  February  and  March  are  almost  equal  and  lower  than 
the  arrival  rates  for  the  other  months. 

The  largest  arrival  rates  occur  in  June  at  65  and  104  MHz  and  tn  September  at  45  MHz.  It 
is  seen  that  the  arrival  rate  of  overdense  trails  on  aU  frequencies  in  June  is  a  larger  fraction 
of  the  overall  arrival  rate  than  for  the  otlier  months.  The  effect  of  this  is  that  the  SNR  of 
equal  arrival  rate  for  underdense  and  overdense  trails  is  lower  in  June  than  in  the  other 
months.  The  crossover  point  is  at  32-33  dB  SNR  for  45  MHz,  at  39-40  dB  SNR  for  65  MHz,  eind 
at  41-45  dB  for  104  MHz,  34  dB  at  65  MHz.  and  39  dB  at  104  MHz.  The  reason  for  the 
difference  between  the  June  statistics  and  the  statistics  for  the  other  months  are  not  fully 
understood  at  this  time.  However,  it  is  known  that  propagation  during  noon  hours  tn  June 
was  dominated  by  sporadic  E-layers,  which  obscured  the  meteor  trails  at  45  MHz.  and  also  to  a 
certain  extent  at  65  MHz,  whereas  little  Influence  of  sporadic  E-layer  propagation  was  seen  at 
104  MHz  where  the  shift  of  the  crossover  point  Is  smallest.  Thus,  the  June  statistics  for  45 
MHz  must  be  used  with  caution.  More  thorough  analysis  of  the  seasonal  variation  of  meteor 
trail  availability  is  currently  being  undertaken  to  address  this  problem. 

According  to  Forsyth  et  al^  the  asymptotic  slopes  of  the  total  arrival  rate  in  log-log 
coordinates  should  theoretically  be  -1  for  the  part  dominated  by  underdense  trails  and  -4  for 
the  part  dominated  by  overdense  trails.  Although  slopes  close  to  these  numbers  can  be  found 


^  Forsyth.  P.A.  et  al  (1959)  The  principles  of  Janet,  a  meteor  burst  communication  system, 
Proc.  IRE.  p.  1650. 
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Ill  the  data,  the  figures  show  smoothly  varying  curves  without  any  obvious  knee  or  abrupt 
change  In  slope.  This  happens  because  there  Is  no  abrupt  change  from  underdense  to 
overdense  trails  as  we  Increase  the  SNR.  but  Instead  a  very  gradual  shift  with  a  mixture  of 
trail  tvyies  at  all  values  of  SNR.  The  figures  show  that  with  10,000  W  or  1,000  W  of  transmitter 
power  the  arrival  rate  Is  dominated  by  underdense  trails.  At  transmitter  powers  of  100  W  or 
10  W,  the  arrival  rate  becomes  more  and  more  dominated  by  overdense  trails  except  at  104 
MHz  where  the  arrival  rate  of  underdense  trails  Is  never  much  less  than  the  arrival  rate  of 
overdense  trails. 


4.  DUTY  CYCLE  STATISTICS 


The  duty  cycle  statistics  describe  the  percentage  of  time  the  meteor  scatter  channel  Is  open, 
and  the  signal  level  or  slgnal-to-nolse  ratio  In  the  channel  exceeds  a  selected  value.  The 
average  communication  capacity  of  a  meteor  scatter  link  Is  determined  by  the  average  duty 
cycle  at  the  SNR  required  for  the  specified  bit  error  rate.  Thus,  the  average  long  term  capacity 
for  an  idealized  meteor  scatter  link  can  be  evaluated  from  a  presentation  of  the  monthly 
average  duty  cycle  as  a  function  of  SNR.  It  should  be  noted  that  the  duty  cycle  does  not 
describe  tlie  duration  of  the  Individual  signals.  However,  the  duty  cycle  can  be  used  to 
determine  the  Idealized  average  channel  capacity  for  a  target  conununlcation  system  when  no 
overhead  for  signal  acquisition  and  handshake  Is  included. 

Tlie  average  duty  cycles  for  the  months  of  February,  March,  June.  September,  and 
December  1989  are  presented  as  a  function  of  SNR  for  frequencies  45.  65.  and  104  MHz  In 
Appendtx  C.  The  SNRs  representing  transmitter  powers  of  10,000,  1000,  100,  and  10  W  for  the 
postulated  communication  system  used  for  the  waiting  Ume  computations  are  marked  on  the 
flgvires. 

Although  the  number  of  underdense  trails  by  far  exceeds  the  number  of  overdense  trails, 
the  duty  cycle  from  overdense  trail  signals  exceeds  the  duty  cycle  of  underdense  trail  signals 
for  all  SNR  levels  at  45  MHz.  and  dominates  the  duty  cycle  at  high  SNR  levels  for  all 
frequencies.  Tlie  larger  part  of  the  channel  capacity  Is  therefore  due  to  the  duty  cycle  of  the 
overdense  trails. 

It  Is  seen  that  an  increase  of  10  dB  In  SNR  Is  not  accompanied  by  a  decrease  of  a  factor  10 
In  the  duty  cycle.  This  means  that  an  Increase  of  signaling  speed  for  a  given  modulation  and 
bit  error  rate  perlbrmance  results  in  a  net  increase  In  the  average  channel  capacity.  Indefinite 
bandwidth  expansion  In  order  to  gain  channel  capacity  Is  not  possible  because  the  arrival  rate 
becomes  so  low  at  veiy  high  SNRs  that  \irtually  no  meteor  trails  exist.  Also,  the  channel 
capacity  will  eventually  be  limited  by  dispersion.  Measurements^  of  the  dispersion  of  the 
meteor  s( alter  channel  have  shown  the  coherence  bandwidth  to  exceed  several  hundred  kHz. 


^  Weltzen,  J.A,  (1986)  The  multipath  and  fading  profile  of  the  high  latitude  meteor  burst 
communication  channel.  Rome  Air  Development  Center  Tech.  Rep..  RADC-TR-86- 166 
ADA174718, 
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The  waiting  time  for  short  messages  will  also  increase  with  an  Increase  of  the  signaling 
speed,  as  em  Increase  in  SNR  is  accompanied  by  a  decrease  in  the  arrival  rate.  The  signaling 
speed  that  combines  short  waiting  times  and  high  channel  capacity  has  been  determined  from 
the  test  bed  data  to  be  approximately  10  kBlts/sec.'^  A  more  thorough  discussion  of  the 
properties  of  meteor  scatter  systems  using  different  signaling  speeds  as  well  as  adaptive 
signaling  based  on  analysis  of  test  bed  data  can  be  found  in  Reference  4  and  this  brief 
discussion  is  Intended  only  as  an  overview. 

Thus,  the  general  trend  that  the  capacity  of  a  meteor  scatter  link  Increases  with  signaling 
speed,  that  the  overdense  trails  carry  by  far  the  largest  part  of  the  throughput,  and  that  the 
waiting  time  for  short  messages  Increases,  with  signaling  speed  follow  from  the  arrival  rate 
and  duty  cycle  statistics. 

The  lowest  duty  cycles  are  found  in  March,  but  the  duty  cycles  for  February  are  only 
slightly  larger.  The  largest  duty  cycles  are  found  in  June  on  all  three  frequencies. 


5.  DURATION  STATISTICS 


Duration  is  defined  as  a  continuous  time  Interval  in  which  the  SNR  exceeds  a  specified 
value.  As  a  meteor  slgnail  theoretically  has  an  exponential  decay,  the  duration  could  be 
expected  to  decrease  with  an  increase  in  SNR.  This  is  true  for  individual  trails  without  fades. 
The  arrival  rate  of  meteor  trails  Increases  with  a  lower  SNR  and  the  overall  duration  also  gets 
shorter.  This  in  turn  will  decrease  the  average  duration  expected  at  low  SNRs  from  that  of  the 
individual  trails.  The  analysis  by  Sugar®  and  Jacobsmeyer®  of  duration  of  meteor  trails  show 
the  duration  account  for  fading,  which  breaks  a  meteor  trail  signal  into  segments  of  shorter 
duration,  and  thereby  influences  the  duration  statistics. 

The  average  duration  of  meteor  signals  as  a  function  of  SNR  for  February,  March.  June. 
September,  and  December  1989  for  45,  65.  and  104  MHz  are  presented  In  Appendix  D.  The 
average  duration  is  seen  to  be  almost  Independent  of  SNR  with  a  variation  of  less  than  a  factor 
of  2  throughput  a  SNR  range  of  30  dB.  The  duration  decreases  with  an  increase  of  the  SNR  for 
low  values  of  the  SNR,  but  may  increase  again  for  larger  values  of  the  SNR.  Thus,  the 
expectation  that  the  average  duration  should  be  Independent  of  SNR  is  supported.  The  reason 
for  this  is  presumed  to  be  a  combination  of  short  underdense  trail  signals  dominating  at  low 
SNRs.  the  fading  associated  with  the  longer  lasting  trails  dominating  at  mid-range,  and  the 
decreasing  duration  e.xpected  from  few  but  veiy  strong  signals  at  high  SNRs.  The  classical 

Sowa.  M.J.,  Quinn,  J.M.,  Rasmussen.  J.E.,  Kossey.  P.A.,  Ostergaard,  J.C.  (1987)  A  statistical 
analysis  of  polar  meteor  scatter  propagation  in  the  45-104  MHz  band,  AGARD  Conf.  Proc.. 
AGARD-CP-419,  paper  44. 

®  Sugar.  G.R.  (1964)  Radio  propagation  by  reflection  from  meteor  trails.  Proceedings  of  tlie 
IEEE. 

®  Jacobsmeyer,  J.M.  (1987)  Digital  signal  design  for  meteor  scatter  communications,  Cornell 
University  Thesis. 
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tlieory  ol  meteor  scatter  predicts  that  the  duration  should  show  a  strong  frequency  dependence 
due  to  shorter  decay  time  constants  at  higiier  frequencies.  However,  the  data  presented  here 
show  that  the  duration  has  little  dependence  on  frequency.  Also,  very  little  seasonal  variation 
Is  seen  at  all  frequencies. 

The  normalized  distributions  of  signal  durations  exceeding  a  specified  SNR  for  the 
frequencies  45,  64,  and  104  MHz  are  presented  in  Appendix  D.  Three  different  levels  of  SNR 
(19.  29.  and  39  dB)  have  been  chosen.  The  normalized  distributions  show  two  main  features. 
For  each  of  the  frequencies  analyzed,  the  distributions  of  signal  durations  are  almost 
Independent  of  the  SNR  chosen  throughout  the  20  dB  range  presented.  Also,  although  the 
average  durations  show  little  frequency  dependence,  the  normalized  distributions  vary 
significantly.  In  particular,  tlie  number  of  long  duration  signals  decreases  rapidly  as  the 
frequency  Increases.  The  overall  distributions  of  duration  show  little  seasonal  variation. 
However,  the  distributions  of  duration  of  underdense  trails  show  a  much  lower  percentage  of 
long  lasting  trails  in  September  on  all  frequencies  than  in  any  of  the  other  months.  The 
distributions  of  duration  for  June  show  ttie  highest  percentage  of  long  enduring  signals. 

A  thorough  investigation  of  the  dependence  of  duration  on  signal  amplitude  and  fading  is 
currently  being  undertaken  as  part  of  the  ongoing  research  using  the  Greenland  test  bed. 


6.  WAITING  TIME  STATISTICS 


The  waiting  times  for  trails  with  durations  of  50.  75,  100,  150.  200.  and  400  msec,  with  a 
confidence  of  0.5,  are  presented  as  functions  of  time  In  2-hour  blocks  In  Appendix  E. 

Statistics  covering  the  five  months  (February,  March.  June.  September,  and  December)  are 
presented. 

The  waiting  times  have  been  computed  as  a  function  of  transmitter  power  using  the 
postulated  meteor  scatter  communication  system  described  In  Section  2  (Binary  PSK 
modulation  10'^  BER.  8000  bIts/sec  signaling  speed,  no  Initialization  time,  and  no  message 
piecing).  Messages  of  400.  GOO.  800,  1200,  1600,  and  3200  bits  have  been  used  to  model 
durations  of  50.  75,  100,  150.  200.  and  400  msec  respectively.  SNR  power  factors  of  -10.  0.  10, 
20.  and  33  dB  have  been  used  to  model  communication  systems  with  10  kW.  1  kW,  100  W,  10  W, 
and  5  W  of  transmitter  power.  Due  to  the  higher  galactic  noise  background  at  45  MHz.  the 
dynamic  range  of  the  receMng  system  does  not  allow  the  performance  as  a  function  of  power 
to  be  evaluated  below  10  W.  Because  the  galactic  noise  is  lower  at  the  higher  frequencies,  the 
data  is  valid  for  power  levels  as  low  as  5  W  at  65  MHz  and  1 04  MHz. 

The  waiting  times  for  each  2-hour  time  block  throughout  the  day  have  been  calculated  at 
three  frequencies  (45.  65,  and  104  MHz)  for  each  of  the  six  specified  durations  (50.  75,  100.  150. 
200,  and  400  msec)  and  for  each  of  the  five  power  levels  (10  W.  1  W.  100  W,  10  W,  and  5  W) 
where  applicable.  This  process  resulted  in  the  150  curv^es  presented  In  AppendLx  E.  From 
these  the  average  waiting  times  have  been  computed  as  the  average  value  of  the  dlumaJ 
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variation  multiplied  by  1 .44  as  discussed  In  Section  2  of  this  report.  The  average  values  are 
presented  in  Appendix  F  and  discussed  below  In  Section  6.2. 


6.1  Diurnal  Variations  of  Waiting  Times 

The  waiting  time  Is.  as  expected,  frequency  dependent.  The  waiting  times  are  much  lower 
at  45  MHz  than  at  65  MHz  and  the  waiting  time  at  104  MHz  Is  the  longest  In  all  cases.  The 
waiting  time  also  Increases  with  a  decrease  In  transmitter  power.  In  some  cases,  the  waiting 
time  Is  undetermined  or  exceeds  10,000  seconds,  which  Is  the  realistic  limit  for  the  statistics 
to  be  valid.  Thus,  some  time  blocks,  especially  with  transmitter  powers  less  than  100  W.  do 
not  have  a  waiting  time  associated  with  them,  as  not  enough  trails  were  available  to  support 
the  propagation. 

At  45  MHz,  however,  another  reason  for  missing  data  points  exists.  In  June,  between  10 
UT  and  20  UT,  data  pwlnts  are  missing  even  at  transmitter  powers  of  1  kW  and  10  kW,  while  at 
the  same  time  the  waiting  time  is  low,  on  the  order  of  a  few  seconds,  on  the  edges  of  this  time 
interval.  This  is  caused  by  sporadic  E*layer  propagation  supplying  a  nearly  continuous 
propagation  path  between  10  UT  and  20  UT.  This  means  that  there  was  no  waiting  time,  but 
also  that  the  meteor  signals  were  obscured  and  the  waiting  time  due  to  meteor  trail  signals 
could  not  be  derived  from  the  test  bed  data.  At  65  and  104  MHz  the  meteor  trail  signals 
provided  enough  connectivity  to  enable  the  waiting  time  to  be  derived. 

The  diurnal  variation  is  a  function  of  season.  In  February  a  variation  of  approximately  a 
factor  of  3  Is  seen.  A  shallow  minimum  in  the  waiting  time  occurs  at  about  0600  UT  and  the 
maximum  around  1200  UT,  coinciding  with  the  diurnal  galactic  noise  maximum  for  the 
month  of  Februeuy.  A  secondary  minimum  is  found  around  1600  UT,  which  Is  most  likely 
caused  by  the  presence  of  the  diurnal  galactic  noise  minimum  at  this  Ume  during  the  month  of 
February,  combined  with  meteor  trails  arriving  over  the  north  pole.  This  contribution  of 
meteor  trails  from  the  morning  side  of  the  earth  Is  presumed  to  account  for  the  partial  absence 
of  a  late  afternoon  arrival  rate  minimum  at  high  latitudes.  For  calculating  local  time,  the 
midpoint  of  the  link  Is  geograplilcally  four  hours  west  of  Greenwich. 

The  diurnal  variation  is  less  pronounced  In  March  where  the  diurnal  noise  maximum 
occurs  at  10  UT,  coinciding  with  the  early  morning  maximum  of  meteor  Influx.  The  effects  of 
higher  noise  and  larger  arrival  rate  of  meteor  trails  counteract  each  other  and  the  dlumal 
variation  of  the  waiting  time  is  smoothed  out  as  a  result.  The  overall  waiting  times  are 
shortest  in  June  compared  to  the  other  months,  but  a  larger  dlumal  variation  is  seen,  since 
the  increase  in  waiting  time  caused  by  low  arrival  rates  around  midnight  UT  is  enhanced  by 
the  presence  of  the  dlumal  noise  maximum  at  the  same  time. 

The  magnitude  of  the  dlumal  variation  seems  to  increase  with  frequency  for  transmitter 
powers  less  than  100  W.  This  is  most  likely  an  artifact  of  the  statistics,  as  only  few  meteor 
trail  signals  have  been  available  for  computation  of  waiting  times  in  excess  of  30  minutes. 
Longer  waiting  times,  presumably  of  limited  Interest,  must  be  used  with  caution. 
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6.2  Average  Waiting  Times 


The  monthly  average  waiting  times  at  Thule  were  obtained  by  taking  the  mean  of  the  12 
dally  time  block  values  for  each  of  the  90  curves.  These  average  values  provided  the  basis  for 
the  waiting  time  statistics  shown  In  Appendix  F.  Lines  separating  statistics  dominated  by 
underdense  trails  from  statistics  dominated  by  overdense  trails  are  shown  on  the  figures.  The 
lines  of  separation  correspond  to  the  points  of  equal  arrival  rates  of  underdense  and  overdense 
meteor  trail  signals  In  Appendix  B.  The  lines  do  not  mark  a  sharp  boundary,  as  the 
contribution  from  either  type  of  trail  shows  a  smooth  transition  from  predominantly 
underdense  trails  to  predominantly  overdense  trails,  as  described  In  Section  3. 

6.2.1  WAITING  TIME  AS  A  FUNCTION  OF  TRANSMITTER  POWER 

The  waiting  time  for  trails  of  a  given  length  as  a  function  of  transmitter  power  are  shown 
for  45.  65.  and  104  MHz  In  Appendix  F.  As  with  the  arrival  rate  statistics,  we  would  expect  the 
waiting  time  vs  transmitter  power  statistics  to  show  a  change  of  slope  as  the  waiting  time 
moves  from  being  dominated  by  overdense  trail  signals  at  low  power  to  being  dominated  by 
underdense  trails  at  high  power.  For  the  power  levels  modeled  by  the  data  base  there  appears 
to  be  no  abrupt  knee  or  change  In  slope,  but  a  slow  change  Indicating  a  very  gradual  shift  In 
the  contribution  from  overdense  to  underdense  trails. 

The  waiting  time  at  45  MHz  approxmately  doubles  each  time  the  duration  Is  doubled  over 
the  range  from  50  to  400  msec.  At  65  and  104  MHz  the  waiting  time  increases  by  factors  of 
about  2.3  and  2.6  respecUvely  each  time  the  required  duration  is  doubled. 

The  seasonal  v2u1atlon  shows  minimum  waiting  times  In  June,  veiy  little  difference 
between  the  waiting  times  In  February  and  March,  and  surprisingly  little  difference  between 
waiting  times  In  September  and  December.  The  December  waiting  times  could  have  been 
e.xpected  to  be  longer  than  the  September  waiting  times  because  the  meteor  trail  arrival  rate  Is 
larger  in  September  than  In  December.  The  explanation  Is  found  In  the  normalized 
distributions  of  duration  presented  In  Appendix  D.  In  September,  the  percentage  of  long 
durations,  especially  at  high  values  of  SNR,  was  much  less  than  during  the  other  months. 

Thus,  shorter  durations,  not  lower  arrival  rates,  must  be  the  cause  for  the  longer  than  expected 
waiting  times  in  September. 


6.2.2  WAITING  TIME  AS  A  FUNCTION  OF  DURATION 

Waiting  times  have  also  been  computed  as  a  function  of  duration  for  the  selected 
transmitter  power  levels.  As  expected,  the  waiting  time  significantly  Increases  with  frequency. 
It  takes  6  times  longer  to  deliver  a  message  requiring  a  200  msec  signal  at  65  MHz  than  at  45 
MHz  and  about  20  times  longer  at  104  MHz.  Also.  100  W  transmitter  power  is  seen  to  be  the 
practical  lower  limit  for  45  and  65  MHz.  whereas  1  kW  is  needed  at  104  MHz  to  obtain  waiting 
times  less  than  several  thousand  seconds.  Again,  the  seasonal  variation  shows  little 
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difference  between  February  and  March  and  the  shortest  waiting  times  are  found  in  June.  The 
waiting  times  in  September  differ  very  little  from  the  waiting  times  in  December. 


6.2.3  WATTING  TIME  AS  A  FUNCTION  OF  FREQUENCY 

Finally,  the  average  waiting  time  statistics  are  presented  as  a  function  of  frequency  and 
duration  for  four  selected  power  levels  (10  W,  100  W,  1  kW,  10  kW).  From  these  curves  It  can  be 
seen  that  for  meteor  signal  durations  from  50  to  400  msec,  and  regardless  of  frequency  (45,  65, 
or  104  MHz),  the  waiting  time  can  be  reduced  by  a  factor  of  about  3  1/2  by  increasing  the  power 
from  100  W  to  1  kW.  For  meteor  signal  durations  of  200  msec  at  65  MHz,  the  waiting  time  can 
be  reduced  by  about  a  factor  of  6  If  the  power  Is  increased  from  100  W  to  10  kW. 

The  waiting  times  are  dominated  by  underdense  trails  as  expected,  except  at  transmitter 
power  levels  of  10  W  and  100  W  where  they  are  dominated  by  overdense  trails.  At  a  first  glance 
It  may  seem  paradoxical  that  the  waiting  times  can  be  dominated  by  overdense  trails,  but 
Inspection  of  the  arrival  rates  presented  In  Appendix  B  shows  that  at  low  power  the  low 
frequency,  short  waiting  times  are  Indeed  dominated  by  overdense  trails. 


7.  SUMMARY 


A  special  Investigation  of  the  average  waiting  times  for  meteor  scatter  signals  exceeding 
selected  durations  has  been  performed  by  the  Geophysics  Laboratory  using  data  from  the  GL 
meteor  scatter  test  bed  In  Greenland.  The  investigation  Is  based  on  data  from  the  1200  km 
link  between  Sondrestrom  AB  and  Thule  AB  for  the  frequencies  45.  65.  and  104  MHz.  The 
location  and  properties  of  the  test  bed  emd  the  procedures  used  to  analyze  the  data  acquired 
with  the  test  bed  are  described. 

Meteor  scatter  statistics  of  arrlvcil  rates,  duty  cycles  and  durations  as  a  function  of  the 
slgnal-to-nolse  ratio  In  the  meteor  scatter  channel  are  provided  as  an  aid  to  Interpret  the 
waiting  time  statistics. 

The  waiting  times  associated  with  specific  signal  durations  (50.  75,  100,  150,  200.  and  400 
msec),  are  presented  as  a  function  of  transmitter  power  for  each  frequency  for  the  months  of 
February,  March,  June.  September  and  December  1989. 

One  aim  of  the  analysis  is  to  determine  the  transmitter  power  level  for  which  the  waiting 
time  for  a  meteor  trail  signal  of  a  specified  duration  changes  from  being  dominated  by 
underdense  trails  to  being  dominated  by  overdense  trails.  The  transition  Is  smooth  and  Is 
found  to  be  around  200  W  at  45  MHz,  50  W  at  65  MHz  and  approximately  10  W  at  104  MHz. 

The  seasonal  variation  of  the  waiting  times  Is  to  a  certain  degree  unexpected.  The  waiting 
times  for  February  and  March  differ  veiy  little  and,  as  expected,  are  longer  than  the  waiting 
times  In  June  where  the  arrival  rate  of  meteor  trails  Is  higher.  However,  the  waiting  times  In 
September  are  longer  tlian  would  have  been  expected  for  a  summer  month  and  they  do  not 
differ  from  the  waiting  times  In  December.  It  is  found  that  the  distribution  of  signal  durations 
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in  September  has  a  larger  percentage  of  short  duration  signals  than  do  the  other  months. 
Thus,  the  unexpectedly  long  waiting  times  In  September  are  caused  by  a  lack  of  signals  of 
sufficient  endurance,  rather  than  a  low  arrival  rate. 
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Appendix  A 


Receiver  Noise  Data 


btUPHYSICS  LfiB  METEOR  SCftTTER  PRCKRflM 
NOISE-LEVEL  CDBH)  VS  DiflY.TC3D  FtBRUfiRY  ISSS 


ElflSED  ON  OBSERVED  NOISE  KEfiSLREMENTS  -  VERTlCfiL 


Figure  Al.  Diurnal  Variation  of  the  Receiver  Noise  at  Thule  AB. 
February  1989 

NOISE-LEVEL  tOBMl  VS  OfiY.TOO  MPKCH  1983 


EiflSED  ON  OBSERVED  NOISE  ItOSUREMENTS  -  VERTICfiL 


Figure  A2.  Diurnal  Variation  of  the  Receiver  Noise  at  Thule  AB. 
March  1989 
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GEOPHYSICS  LflB  METEOR  SCRTTER  PROGRftI 
NQISE-LEVEL  (DBtU  VS  CfiY.TCJD  JU'E  1389 


Dft V . TOD 

BASED  ON  OBSERVED  NOISE  (CfiStREMEl/rS  -  VERTICAL 


Figure  A3.  Diurnal  Variation  of  the  Receiver  Noise  at  Thule  AB. 
June  1989 


roOISE-LEVEL  (DBM)  VS  DAY. TOO  SEPTBiBER  1969 


BASED  ON  OBSERVED  NOISE  KERSLREMEffTS  -  VERTICAL 


Figure  A4.  Diurnal  Variation  of  the  Receiver  Noise  at  Thule  AB. 
September  1989 
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GEOPHYSICS  LfiB  HETEOR  SCATTER  PRQGRflJi 


NOISE-LEVEL  (DBII)  VS  DRY. TOD  CECEI^ER  iSeS 


BASED  OH  OBSERVED  HOISE  iCASltf^llDTrS  -  VERTICAL 


Figure  A5.  Diurnal  Variation  of  tl."  Receiver  Noise  at  Thule  AB. 
December  1989 
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Appendix  B 


Meteor  Arrival  Rate  Statistics 
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Figure  Bl.  Meteor  Arrival  Rate  for  February  1989  at  Thule.  The 
Frequency  Is  45  MHz 
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EFFECTIVE  SYSTEM  BANDWIDTH  =  100. HZ 

polarization  =  HORIZONTAL 

MAXIMUM  DOWN  TIME  DUE  TO  SPORAOIC-E  =  240  SECONDS 

BASED  ON  AVERAGED  NOISE  MEASUREMENTS  -  HORIZONTAL 
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Figure  B2.  Meteor  Arrival  Rate  for  March  1989  at  Tliule.  The 
Frequency  Is  45  MHz 
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Figure  B3.  Meteor  Arrival  Rate  for  June  1989  at  Thule.  The 
Frequency  Is  45  MHz 
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Figure  B4.  Meteor  Arrival  Rate  for  September  1989  at  Thule.  The 
Frequency  Is  45  MHz 
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GEOPHYSICS  LRB  METEOR  SCATTER  PROGRAM 


ARRIVAL  RATE  (M/M IN)  VS  SNR  ( DB )  DECEMBER  1989 


10  15  20  25  30  35  40  45 


SNR  (OBI 

THE  TIME  OF  DAY  IS  0-24  HOURS  U.T. 
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BASED  ON  AVERAGED  NOISE  MEASUREMENTS  -  HORIZONTAL 

Figure  B5.  Meteor  Arrival  Rate  for  December  1989  at  Thule.  The 
Frequency  Is  45  MHz 
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Figure  B6.  Meteor  Arrival  Rate  for  February  1989  at  Thule.  The 
Frequency  Is  65  MHz 
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Figure  B7.  Meteor  Arrival  Rate  for  March  1989  at  Thule.  The 
Frequency  is  65  MHz 
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GEOPHYSICS  LR8  METEOR  SCATTER  PROGRAM 


ARRIVAL  RATE  (M/MIN)  VS  SNR  (OB)  JUNE  1989 
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Figure  B8.  Meteor  Arrival  Rate  for  June  1989  at  Thule.  The 
Frequency  Is  65  MHz 
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Figure  B9.  Meteor  Arrival  Rate  for  September  1989  at  Thule.  The 
Frequency  Is  65  MHz 
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Figure  BIO.  Meteor  Arrival  Rate  for  December  1989  at  Thule.  The 
Frequency  Is  65  MHz 
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Figure  B1 1.  Meteor  Arrival  Rate  for  February  1989  at  Thule.  The 
Frequency  Is  104  MHz 
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Figure  B12.  Meteor  Arrival  Rate  for  March  1989  at  Thule.  The 
Frequency  Is  104  MHz 
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GEOPHYSICS  LflB  METEOR  SCATTER  PROGRAM 


ARRIVAL  RATE  (M/MIN)  VS  SNR  (OB)  JUNE  1989 
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Figure  B13.  Meteor  Arrival  Rate  for  June  1989  at  Thule.  The 
Frequency  is  104  MHz 
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Figure  B14  Meteor  Arrival  Rale  for  September  1989  at  Thule.  The 
Frequency  is  104  MHz 
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Figure  B15.  Met-  'aiival  Rate  for  December  1989  at  Thule.  The 
Frequency  is  10^  MHz 
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Appendix  C 


Duty  Cycle  Statistics 
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Figure  Cl.  Duty  Cycle  Exceeding  a  SNR  Threshold  for  February  1989 
at  Thule.  The  frequency  Is  45  MHz 
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Figure  C2.  Duty  Cycle  Exceeding  a  SNR  Threshold  for  March  1989 
at  Thule.  The  frequency  Is  45  MHz 
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Figure  C3.  Duty  Cycle  Exceeding  a  SNR  Threshold  for  June  1989 
at  Thule.  The  frequency  Is  45  MHz. 
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Figure  C4.  Duty  Cycle  Exceeding  a  SNR  Threshold  for  September  1989 
at  Tliule.  The  frequency  Is  45  MHz 
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Figure  C5.  Duty  Cycle  Exceeding  a  SNR  Threshold  for  December  1989 
at  Thule.  The  frequency  Is  45  MHz 
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Figure  C6.  Duty  Cycle  Exceeding  a  SNR  Threshold  for  February  1989 
at  Thule.  The  frequency  is  65  MHz 
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Figure  C7.  Duty  Cycle  Exceeding  a  SNR  Threshold  for  March  1989 
at  Thule.  The  frequency  Is  65  MHz 
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Figure  C8.  Duty  Cycle  Exceeding  a  SNR  Tlireshold  for  June  1989 
at  Thule.  The  frequency  is  65  MHz 
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Figure  C9.  Duty  Cycle  Exceeding  a  SNR  Threshold  for  September  1989 
at  Thule.  The  frequency  Is  65  MHz 
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Figure  CIO.  Duty  Cycle  Exceeding  a  SNR  Threshold  for  December  1989 
at  Thule.  The  frequency  is  65  MHz 
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Figure  C 1 1 .  Duty  Cycle  Exceeding  a  SNR  Threshold  for  February  1989 
at  Thule.  The  frequency  Is  104  MHz 
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Figure  C12.  Duty  Cycle  Exceeding  a  SNR  Threshold  for  March  1989 
at  Thule.  The  frequency  Is  104  MHz 
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SNR  (DB) 


Figure  Cl 3.  Duty  Cycle  Exceeding  a  SNR  Threshold  for  June  1989 
at  Thule.  The  frequency  Is  104  MHz 


10  IS  20  25  30  3S  40  45 


SNR  (DBi 

THE  TIME  OF  DRY  IS  0-24  HOURS  U.T. 

FREQUENCY  =  104  MHZ 

EFFECTIVE  SYSTEM  BANDWIDTH  =  100. HZ 

POLARIZATION  =  HORIZONTAL 

BASED  ON  AVERAGED  NOISE  MEASUREMENTS  -  HORIZONTAL 


Figure  C14.  Duty  Cycle  Exceeding  a  SNR  Threshold  for  September 
at  Thule.  The  frequency  Is  104  MHz 
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geophysics  lab  meteor  scatter  program 


DUTY  CYCLE  ABOVE  SNR  I '/ I  VS  SNR  ( DB )  DECEMBER  1989 


the  TIME  OF  DAY  IS  0-24  HOURS  U.T. 

FREQUENCY  =  104  MHZ 

EFFECTIVE  SYSTEM  BANOUIOTH  =  lOO.HZ 
POLARIZATION  =  HORIZONTAL 

BASED  ON  AVERAGED  NOISE  MEASUREMENTS  -  HORIZONTAL 


Figure  Cl 5.  Duty  Cycle  Exceeding  a  SNR  threshold  for  December  1989 
at  Thule.  The  frequency  is  104  MHz 
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Appendix  D 


Average  Duration  Statistics 


GEOPHYSICS  LfiB  METEOR  SCATTER  PROGRAM 
AVER.  DURATION  (SEC.)  VS  SNR  ( DB )  FEBRUARY  1989 


Figure  Dl.  Average  Duration  of  Meteor  Signals  as  a  Function  of  SNR 
for  February  1989.  The  frequency  Is  45  MHz 


10  15  20  25  30  35  JO 


SNR  (DB) 

the  time  of  day  IS  0  -  G4  hours  U.T. 

FREQUENCY  =  45  MHZ 

EFFECTIVE  SYSTEM  BANDWIDTH  =  100. HZ 

BASED  ON  AVERAGED  NOISE  MEASUREMENTS  -  HORIZONTAL 


UNDERDENSE  O 
OVERDENSE  a 

all-trails  X 


Figure  D2.  Average  Duration  of  Meteor  Signals  as  a  Function  of  SNR 
for  March  1989.  The  frequency  Is  45  MHz 
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CeOPHYSICS  LflB  METEOR  SCATTER  PROGRAM 
AVER.  DURATION  (SEC.)  VS  SNR  (OB)  JUNE  1969 


Figure  D3.  Average  Duration  of  Meteor  Signals  as  a  Function  of  SNR 
for  June  1989.  The  frequency  is  45  MHz 


AVER.  DURATION  (SEC.)  VS  SNR  ( DB )  SEPTEMBER  1989 


THE  time  of  day  is  0-24  HOURS  U.T. 

FREQUENCY  =  45  MHZ 

EFFECTIVE  SYSTEM  BANOWIOTH  =  1 00. HZ 

BASED  ON  AVERAGED  NOISE  MEASUREMENTS  -  HORIZONTAL 


Figure  D4.  Average  Duration  of  Meteor  Signals  as  a  Function  of  SNR 
for  September  1989.  The  frequency  Is  45  MHz 


45 


G 


geophysics  lrb  meteor  scatter  program 

AVER.  DURATION  (SEC.)  VS  SNR  (OB)  DECEMBER  1989 


FREQUENCY  =  45  MHZ 

EFFECTIVE  SYSTEM  BANOWIOTH  =  100. HZ 

BASED  ON  AVERAGED  NOISE  MEASUREMENTS  -  HORIZONTAL 

Figure  D5.  Average  Duration  of  Meteor  Signals  as  a  Function  of  SNR 
for  December  1989..  The  frequency  Is  45  MHz 
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GEOPHYSICS  LAB  METEOR  SCATTER  PROGRAM 
AVER.  OURATION  (SEC.)  VS  SNR  ( DB )  FEBRUARY  1989 


Figure  D6.  Average  Duration  of  Meteor  Signals  as  a  Function  of  SNR 
for  February  1989.  The  frequency  is  65  MHz 

AVER.  DURATION  (SEC.)  VS  SNR  ( DB )  MARCH  1989 


THE  TIME  OF  DAY  IS  0-24  HOURS  U.T, 

FREQUENCY  =  85  MHZ 

EFFECTIVE  SYSTEM  BANDWIDTH  =  100. HZ 

BASED  ON  AVERAGED  NOISE  MEASUREMENTS  -  HORIZONTAL 


Figure  D7.  Average  Duration  of  Meteor  Signals  as  a  Function  of  SNR 
for  March  1989.  The  frequency  Is  65  MHz 
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GEOPHYSICS  LFIB  METEOR  SCATTER  PROGRAM 
AVER.  DURATION  ( SEC  .  I  VS  SNR  (08)  JUNE  1989 


Figure  D8.  Average  Duration  of  Meteor  Signals  as  a  Function  of  SNR 
for  June  1989.  The  frequency  is  65  MHz 


AVER,  duration  (SEC.)  VS  SNR  (OB)  SEPTEMBER  19B9 


FREQUENCY  =  65  MHZ 

EFFECTIVE  SYSTEM  BANDWIDTH  =  100. HZ 

BASED  ON  AVERAGED  NOISE  MEASUREMENTS  -  HORIZONTAL 

Figure  D9.  Average  Duration  of  Meteor  Signals  as  a  Function  of  SNR 
for  September  1 989.  The  frequency  Is  65  MHz 
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GEOPHYSICS  LflB  METEOR  SCATTER  PROGRAM 
AVER.  DURATION  (SEC.)  VS  SNR  IDS)  DECEMCIH  19'-, 


THE  TIME  OF  DAY  IS  0-24  HOURS  U.T. 

FREQUENCY  =  6Q  MHZ 

EFFECTIVE  SYSTEM  BANDWIDTH  =  100. HZ 

BASED  ON  AVERAGED  NOISE  MEASUREMENTS  -  HORIZONTAL 

Figure  DIO.  Average  Duration  of  Meteor  Signals  as  a  Function  of  SNR 
for  December  1989.  The  frequency  is  65  MHz 
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GEOPHYSICS  LCIB  METEOR  SCATTER  PROGRAM 
AVER.  DURATION  ISEC.l  VS  SNR  (08)  FEBRUARY  1989 


Figure  Dll.  Average  Duration  of  Meteor  Signals  as  a  Function  of  SNR 
for  February  1989.  The  frequency  Is  104  MHz 


AVER.  OURATION  (SEC.)  VS  SNR  (08)  MARCH  1989 


THE  time  of  day  is  0-24  HOURS  U.T. 

FREQUENCY  =  104  MHZ 

EFFECTIVE  SYSTEM  BANDWIDTH  =  100. HZ 

BASED  ON  AVERAGED  NOISE  MEASUREMENTS  -  HORIZONTAL 


Figure  D12.  Average  Duration  of  Meteor  Signals  as  a  Function  of  SNR 
for  March  1989.  The  frequency  Is  104  MHz 
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GEOPHYSICS  LfiB  METEOR  SCATTER  PROGRAM 
AVER.  DURATION  (SEC.)  VS  SNR  (OB)  JUNE  1989 


Figure  D13.  Average  Duration  of  Meteor  Signals  as  a  Function  of  SNR 
for  June  1989.  The  frequency  Is  104  MHz 


AVER.  DURATION  (SEC.)  VS  SNR  ( DB )  SEPTEMBER  1989 


SNR  (DB) 

THE  TIME  OF  DAY  IS  0-24  HOURS  U.T. 

FREQUENCY  =  104  MHZ 

EFFECTIVE  SYSTEM  BANDWIDTH  =  100. HZ 

BASED  ON  AVERAGED  NOISE  MEASUREMENTS  -  HORIZONTAL 


Figure  D14.  Average  Duration  of  Meteor  Signals  as  a  Function  of  SNR 
for  September  1989.  The  frequency  Is  104  MHz 
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GEOPHYSICS  LftB  METEOR  SCATTER  PROGRAM 
AVER.  DURATION  (SEC.)  VS  SNR  ( DB )  DECEMBER  1989 


THE  TIME  OF  DAY  IS  0-24  HOURS  U.T. 

FREQUENCY  =  104  MHZ 

EFFECTIVE  SYSTEM  BANDWIDTH  =  100. HZ 

BASED  ON  AVERAGED  NOISE  MEASUREMENTS  -  HORIZONTAL 


Figure  D15.  Average  Duration  of  Meteor  Signals  as  a  Function  of  SNR 
for  December  1989.  The  frequency  Is  104  MHz 


geophysics  lhb  meteor  scatter  program 


NORM.  distribution  vs  duration  JUNE  1989 


NORMALIZING  FACTORS: 

UNDER  -  5806.  OVER  -  12353.  SPOR-E  -  77458 

EVENTS  -  18159.  trails  -  95617. 


Figure  D18.  Normalized  Distribution  of  Signal  Durations  Exceeding  19  dB  for 
June  1989.  The  frequency  Is  45  MHz 


NORM.  DISTRIBUTION  VS  DURATION  SEPTEMBER  1989 


DURAT i ON 

EXCEEDING  19,0  OB  SNR 

THE  TIME  OF  day  is  U  -  24  HOURS  U.T. 

FREQUENCY  =  45  MHZ 

EFFECTIVE  SYSTEM  BANDWIDTH  =  100. HZ 

BASED  ON  AVERAGED  NOISE  MEASUREMENTS  -  HORIZONTAL 

NORMALIZING  FACTORS: 

UNDER  -  20888  OVER  -  23107.  sPOR-E  -  9675. 

EVENTS  -  439-35  TRAILS  -  53670. 

Figure  D19.  Normalized  Distribution  of  Signal  Durations  Exceeding  19  dB  for 
September  1989.  The  frequency  Is  45  MHz 
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GEOPHYSICS  LPB  METEOR  SCATTER  PROGRAM 


NORM.  DISTRIBUTION  VS  DURATION  DECEMBER  1989 


THE  TIME  OF  DAY  IS  0-24  HOURS  U.T. 

FREQUENCY  =  45  MHZ 

EFFECTIVE  SYSTEM  BANDWIDTH  =  100. HZ 

BASED  ON  AVERAGED  NOISE  MEASUREMENTS  -  HORIZONTAL 

normalizing  FACTORS: 

UNDER  -  13668.  OVER  -  17529.  SPOR-E  -  8420. 

EVENTS  -  31197.  TRAILS  -  39617. 

Figure  D20.  Normalized  Distribution  of  Signal  Durations  Exceeding  19  dB  for 
December  1989.  The  frequency  Is  45  MHz 
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geophysics  lob  meteor  scrtter  program 


0  0  0  1  0.2  0.3  0  4  0  5  0  6  0.7  0.8  0  9  I  0 

DURATION 


NORMALIZING  FACTORS: 

UNDER  -  3381.  OVER 

EVENTS  -  835S.  TRAILS 


4974.  SPOR-E 
100G2. 


1707. 


Figure  D2 1 .  Normalized  Distribution  of  Signal  Durations  Exceeding  29  dB  for 
February  1989.  The  frequency  is  65  MHz 


NORM.  DISTRIBUTION  VS  DURATION  MARCH  1989 


0  0  0  1  0  2  0.3  0  4  0  5  0.6  0.7  0.8  0  9  I  0 

□URAT I  ON 

EXCEEDING  29.0  DB  SNR 

THE  TIME  OF  DAY  IS  0-24  HOURS  U.T. 

FREQUENCY  =  45  MHZ 

EFFECTIVE  SYSTEM  BANDWIDTH  =  100. HZ 

BASED  ON  AVERAGED  NOISE  MEASUREMENTS  -  HORIZONTAL 

NORMAL  I  Z  t  NG  F  AC  T fJRS  . 

UNDER  -  2956.  OVER  -  3979.  SPOR-E  -  2431. 

EVENTS  -  GOBS.  TRAILS  -  9366. 


Figure  D22.  Normalized  Distribution  of  Signal  Durations  Exceeding  29  dB  for 
March  1989.  The  frequency  is  65  MHz 
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geophysics  LPIB  METEOR  SCATTER  PROGRAM 


NORM.  DISTRIBUTION  VS  DURATION  JUNE  1989 


OUR AT  ION 

normalizing  FACTORS: 

UNDER  -  1072.  OVER  -  2G3S .  SPOR-E  -  IVS-^S 

EVENTS  -  3707.  TRAILS  -  2163S. 


Figure  D23.  Normalized  Distribution  of  Signal  Durations  Exceeding  29  dB  for 
June  1989.  The  frequency  Is  65  MHz 


DURAT ION 


EXCEEDING  29.0  DB  SNR 

THE  TIME  OF  gay  is  0-24  HOURS  U.T. 

FREQUENCY  =  45  MHZ 

EFFECTIVE  SYSTEM  BANDNIDTh  =  100. HZ 

BASED  ON  AVERAGED  NOISE  MEASUREMENTS  -  HOFIZONThL 


normal  I 'INC  FACTORS: 

UNDER  -  5516.  OVFR  -  7915.  SPOP-E  - 

EvENTlS  -  13431-  trails  -  20149. 


Figure  D24.  Normalized  Distribution  of  Signal  Durations  Exceeding  29  dB  for 
September  1989.  The  frequency  Is  65  MHz 
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GEOPHYSICS  LRB  METEOR  SCATTER  PROGRAM 


NORM.  DISTRIBUTION  VS  DURATION  DECEMBER  19S9 


the  time  of  day  is  0-24  hours  U.T. 

FREQUENCY  =  45  MHZ 

EFFECTIVE  SYSTEM  BAnOwIOTh  =  100. HZ 

BASED  ON  Averaged  noise  measurements  -  horizontal 
normalizing  FACTORS: 

under  -  3881.  OVER  -  6262.  SPOR-E  -  4130. 

EVENTS  -  10143.  trails  -  14273. 


Figure  D25.  Normalized  Distribution  of  Signal  Durations  Exceeding  29  dB  for 
December  1989.  The  frequency  Is  65  MHz 
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GEOPHYSICS  LRB  METEOR  SCRTTER  PROCROM 


NORM.  DISTRIBUTION  VS  OURRTION  FEBRUARY  1989 


DURATION 


NORMALIZING  FACTORS; 

UNDER  -  477.  OVER  -  1264.  SPOR-E  -  807. 

EVENTS  -  1741.  trails  -  2548. 


Figure  D26.  Normalized  Distribution  of  Signal  Durations  Exceeding  39  dB  for 
February  1989.  The  frequency  Is  45  MHz 


NORM.  DISTRIBUTION  VS  DURATION  MARCH  1939 


0  (3  0  1  0  7  0.3  0  4  0  5  0.6  0  7  0.6  0  6  10 

DURAT ION 

C^rCCDINC  JO.O  DO  GNR 

THE  TIME  OF  DAY  IS  0-24  HOURS  U.T. 

FREQUENCY  =  45  MHZ 

EFFECTIVE  SYSTEM  BANDWIDTH  =  100. HZ 

BASED  ON  AVERAGED  NOISE  MEASUREMENTS  -  HORIZONTAL 

NORMAL  I Z I NG  F AL  T ORS ; 

uniter  -  456  OVER  -  ‘327.  SPOR-E  -  4  J._ 

EVENTS  -  130J.  TRAIL‘3  -  1325. 


Figure  D27.  Normalized  Distribution  of  Signal  Durations  Exceeding  39  dB  for 
March  1989.  The  frequency  is  45  MHz 
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GEOPHYSICS  LOB  METEOR  SCfiTTER  PROCROM 


NORM,  distribution  vs  duration  JUNE  1939 


OURRT ION 

NORMALIZING  FACTORS^ 

UNDER  -  135.  OVER  -  548.  SPOR-E  -  3748. 

EVENTS  -  683.  TRAILS  -  4431. 


Figure  D28.  Normalized  Distribution  of  Signal  Durations  Exceeding  39  dB  for 
June  1989.  The  frequency  Is  45  MHz 


NORM.  DISTRIBUTION  VS  DURATION  SEPTEMBER  13S9 


DURAT I  ON 

EXCEEDING  39.0  DB  SNR 

THE  TIME  OF  DAY  IS  0-24  HOURS  U.T, 

FPFQUENCV  =  45  MHZ 

EFFECTIVE  System  bandwidth  =  ioo.hz 

BASED  ON  AVERAGED  NOISE  MEASUREMENTS  -  HORIZONTAL 

NORMALIZING  FACTORS; 

UNDER  -  787.  OVER  -  1700.  SPOR-E  -  2411 

EVENTS  -  248"^.  TRAILS  -  4998. 


Figure  D29.  Normalized  Distribution  of  Signal  Durations  Exceeding  39  dB  for 
September  1989.  The  frequency  Is  45  MHz 
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GEOPHYSICS  LPB  METEOR  SCATTER  PROGRAM 


NORM.  DISTRIBUTION  VS  DURATION  DECEMBER  1989 


EXCEEDING  39.0  OB  bNR 

THE  TIME  OE  DAY  IS  0-24  HOURS  U.T. 

FREQUENCY  =  45  MHZ 

EFFECTIVE  SYSTEM  BANDWIDTH  =  100. HZ 

BASED  ON  AVERAGED  NOISE  MEASUREMENTS  -  HORIZONTAL 

NORMALIZING  FACTORS: 

UNDER  -  613.  OVER  -  1605.  SPOR-E  - 

EVENTS  -  221b.  TRAILS  -  3491. 


1273. 


Figure  D30.  Normalized  Distribution  of  Signal  Durations  Exceeding  39  dB  for 
December  1 989.  The  frequency  is  45  MHz 
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GEOPHYSICS  LOB  METEOR  SCOT  TER  PROGRAM 


norm.  distribution  vs  DUROTION  FEBRUORY  1989 


UNDER  -  5787.  OVER  -  2307.  SPOR-E  -  674. 

EVENTS  -  8094.  TRAILS  -  8768. 


Figure  D31.  Normalized  Distribution  of  Signal  Durations  Exceeding  19  dB  for 
February  1989.  The  frequency  Is  65  MHz. 


NORM.  DISTRIBUTION  VS  DURATION  MARCH  1989 


E.YCEEOINC  19.0  DB  SNR 

THE  TIME  OF  DAY  IS  0-24  HOURS  U.T. 

FREQUENCY  =:  65  MHZ 

EFFECTIVE  SYSTEM  BANDWIDTH  =  lOO.HZ 

BASED  ON  AVERAGED  NOISE  MEASUREMENTS  -  HORIZONTAL 

normalizing  FACTORS; 

UNDER  -  5849.  OVER  -  2347.  SFOR-E  -  800 

EVENTS  -  8196.  TRAILS  -  8996. 


Figure  D32.  Normalized  Distribution  of  Signal  Durations  Exceeding  19  dB  for 
March  1989.  The  frequency  Is  65  MHz. 
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geophysics  LfiB  METEOR  SCATTER  PROGRAM 


NORM,  DISTRIBUTION  vS  DURATION  JUNE  1969 


normalizing  FACTORS; 

UNDER  -  13477.  OVER 

EVENTS  -  27982.  TRAILS 


14505.  SPOR-E 
31012. 


3030. 


Figure  D33.  Normalized  Distribution  of  Signal  Durations  Exceeding  19  dB  for 
June  1989.  The  frequency  Is  65  MHz. 


NORM,  DISTRIBUTION  VS  DURATION  SEPTEMBER  1939 


EXCEED  I NG  19,0  DB  bNR 

THE  time  of  oay  is  0-24  hours  U.T. 

FREQUENCY  =  65  MHZ 

EFFECTIVE  SYSTEM  BANDWIDTH  =  100. HZ 

RASED  ON  AVERAGED  NOISL  MEASUREMENTS  -  HORIZONTAL 

normal  I I  NG  F  AC  T OP'S  . 

I  irjof  h'  -  NPi-jrT  .  I  ’VER  “  37E.-1  ,  SPOR  -  E 

EVENT'.  -  l.TT.-Z  TRAILS  -  15353. 


Figure  D34.  Normalized  Distribution  of  Signal  Durations  Exceeding  19  dB  for 
September  1989.  The  frequency  Is  65  MHz. 


GEOPHYSICS  LFiB  METEOR  SCATTER  PROGRAM 


NORM.  DISTRIBUTION  vS  DURATION  DECEMBER  1989 


DURAT ION 

EXCEEDING  19.0  DB  SNR 

THE  time  OF  DAY  IS  0  -  HOURS  U.T. 

FREQUENCY  =  65  MHZ 

EFFECTIVE  SYSTEM  BANDWIDTH  =  100. HZ 

BASED  ON  AVERAGED  NOISE  MEASUREMENTS  -  HORIZONTAL 

NORMALIZING  FACTORS: 

UNDER  -  73S2.  OVER  -  4272.  SPOR-E  -  2100. 

EVENTS  -  11624  TRAILS  -  13724. 


Figure  D35.  Normalized  Distribution  of  Signal  Durations  Exceeding  19  dB  for 
December  1989.  The  frequency  Is  65  MHz. 


64 


GEOPHtSICS  LftB  METEOR  SCATTER  PROGRAM 


NORM.  DISTRIBUTION  VS  DURATION  FEBRUARY  1939 


DURATION 

normalizing  FACTORS: 

UNDER  -  185S.  OVER  -  1199.  SPOR-E  -  45-4. 

EVENTS  -  30S4  TRAILS  -  3508. 

Figure  D36.  Normalized  Distribution  of  Signal  Durations  Exceeding  29  dB  for 
February  1989.  The  frequency  Is  65  MHz. 


NORM.  DISTRIBUTION  vS  DURATION  MARCH  I9b9 


EXCEEDING  29.0  DB  SNR 

THE  TIME  OF  DAY  IS  0-24  HOURS  U.T. 

FREQUENCY  =  65  MHZ 

EFFECTIVE  SYSTEM  BANDWIDTH  =  100. HZ 

BASED  ON  AVERAGED  NOISE  MEASUREMENTS  -  HORIZONTAL 

NORMALIZING  FACTORS: 

UNDER  -  1837.  OVER  -  1287.  SPOR-E  -  461. 

EVENTS  -  3lS4.  TRhIlS  -  3So5 . 


Figure  D37.  Normalized  Distribution  of  Signal  Durations  Exceeding  29  dB  ,r 
March  1989.  The  frequency  Is  65  MHz. 
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GEOPHYSICS  LflB  METEOR  SCfiTTER  PROGRAM 


NORM.  DISTRIBUTION  VS  DURATION  JUNE  1989 


UNDER  -  3678.  OVER  -  5710.  SPOR-E  -  1467. 

EVENTS  -  9388.  trails  -  10855. 

Figure  D38.  Normalized  Distribution  of  Signal  Durations  Exceeding  29  dB  for 
June  1989.  The  frequency  is  65  MHz. 


NORM.  DISTRIBUTION  VS  DURATION  SEPTEMBER  1989 


THE  time  of  day  is  0-24  HOURS  U.T. 

FREQUENCY  =  65  MHZ 

EFFECTIVE  SYSTEM  BANDWIDTH  =  100. HZ 

BASED  ON  AVERAGED  NOISE  MEASUREMENTS  -  HORIZONTAL 

NORMAL  I  I  NO  F  AC  T  ORS  ^ 

UNDER  -  3253.  OVER  -  19C9.  SPOR-E  -  1436. 

EVENTS  -  5162.  trails  -  6648. 

Figure  D39.  Normalized  Distribution  of  Signal  Durations  Exceeding  29  dB  for 
September  1989.  The  frequency  is  65  MHz. 
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GEOPHYSICS  LftB  METEOR  SCATTER  PROGRAM 


NORM.  DISTRIBUTION  VS  DURATION  DECEMBER  1989 


DURATION 

EXCEEDING  29,0  OB  SNR 

THE  TIME  OF  DAY  IS  0-2-1  HOURS  U.T. 

FREOLiENCY  =  65  MHZ 

EFFECTIVE  SYSTEM  BANDWIDTH  =  100. HZ 

BASED  ON  AVERAGED  NOISE  MEASUREMENTS  -  HORIZONTAL 

NORMALIZING  FACTORS; 

UNDER  -  2544.  OVER  -  2046.  SPOR-E  -  1548. 

EVENTS  -  4590.  trails  -  6138. 


Figure  D40.  Normalized  Distribution  of  Signal  Durations  Exceeding  29  dB  for 
December  1989.  The  frequency  is  65  MHz. 
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GEOPHYSICS  LfiB  r-lETEOR  SCOT  lER  PROGRAM 


NORM.  distribution  VS  DURftTlON  FEBRUARY  1969 


OURRT ION 


NORMALIZING  FACTORS: 

UNDER  -  253.  OVER  -  319.  SPOR-E  -  57. 

EVENTS  -  572.  TRAILS  -  G29 . 


Figure  D41.  Normalized  Distribution  of  Signal  Durations  Exceeding  39  dB  for 
February  1989.  The  Frequency  is  65  MHz 


NORM.  DISTRIBUTION  VS  OURftTlON  MARCH  \939 


DURAT I  ON 

EYCEEOING  39.0  DB  SNR 

THF  TIME  OF  DAY  IS  0  -  24  HOURS  U.T. 

FREQUENCY  =  bS  MHZ 

FFFECTIVE  SYSTEM  BhNDNIDTH  =  100. HZ 

BASED  ON  AVERAGED  NOISE  MEASUREMENTS  -  HORI-ONTAL 

r.jORMAL  I  Z  I  TTC  FAC  T ORS  : 

UNClER  -  23S.  nvFR  -  357.  sPOR-E  -  99. 

EVENTS  ^  592.  TRAILS  -  691. 

Figure  D42.  Normalized  Distribution  of  Signal  Durations  Exceeding  39  dB  for 
March  1989.  The  Frequency  Is  65  MHz 
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geophysics  lab  meteor  scatter  PPOCRAM 


NORM.  distribution  V5  OURATlOfJ  JUNE  1989 


DURATION 


normalizing  FACTORS; 

UNDER  -  466.  OVER  -  1305.  SPOR-E  -  '706. 

EVENTS  -  1771.  TRAILS  -  2479. 


Figure  D43.  Normalized  Distribution  of  Signal  Durations  Exceeding  39  dB  for 
June  1989.  The  Frequency  Is  65  MHz 


NORM,  DISTRIBUTION  v3  DURATION  SEPTEMBER  1989 


UDQEROENSE  '7 
OvEPDENSE  4. 


All -TRAILS  V 


OUR  Ml  lOrj 


EXCEEDING  33.0  DB  SNR 

THE  TIME  OF  DAY  IS  O  -  L-1  HOURS  U .  T  . 

FREOUENCY  =  65  MHZ 

EFFEiTIVE  SYSTEM  GANDNIDTh  =  100, HZ 

BASED  ON  AVERMOED  MlJlSE  MEASi.iPEMENTS  -  HORIZONTAL 

normal  I  z  1  nc  t  Ml  t  or'Zt 

UNDER  -  4."T.  OVER  -  'SO.  SPOR-E 

EVETiT  T  -  97 Ti.  TPAll  |S_Z 


Figure  D44.  Normalized  Distribution  of  Signal  Durations  Exceeding  39  dB  for 
September  1989.  The  Frequency  Is  65  MHz 
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geophysics  lob  meteor  scatter  PROCROM 


NORM.  DISTRIBUTION  VS  DURfiTION  DECEMBER  1939 


EXCEEDING  39.0  OB  SNR 

■^HC  time  or  OflV  IS  0-24  hours  U.T. 

‘FREQUENCY  =  65  Mh2 

EFFECTIVE  SYSTEM  BONOMIDTH  =  100. HZ 

BOSED  ON  fivERPGED  NOISE  MEASUREMENTS  -  HORIZONTAL 

normalizing  factors^ 

UNDER  -  354,  OVER  -  590.  SPOR-E  -  331. 

EVENTS  -  944.  TRAILS  -  1275. 


Figure  Dx*  5.  Normalized  Distribution  of  Signal  Durations  Exceeding  39  dB  for 
December  1989.  The  Frequency  Is  65  MHz 
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geophysics  lab  meteor  scatter  program 


NORM.  DISTRIBOTION  VS  DURATION  FEBRUARY  1989 


ni IRAT  ION 

normalizing  FACTORS: 

UNDER  -  3604.  Over  -  998.  SPOR-E  -  ZI. 

EVENTS  -  4602.  trails  -  4623. 


Figure  D46.  Normalized  Distribution  of  Signal  Durations  Exceeding  19  dB  for 
February  1989  The  frequency  Is  104  MHz 


NORM.  distribution  VS  DURATION  MARCH  1989 


DURAT I  ON 

EXCEEDING  13.0  08  SNR 

THE  time  of  day  is  0-24  HOURS  U.T. 

FREQUENCY  =  104  MHZ 

EFFECTIVE  SYSTEM  BANDWIDTH  =  100. HZ 

BASED  ON  AVERAGED  NOISE  MEASUREMENTS  -  HORIZONTAL 

normalizing  F- ACTORS: 

IJNDFR  -  37S3.  OVFR  -  1025.  SPOR-E  -  s, 

EVENTS  -  4778  trails  -  4-733  . 

Figure  D47.  Normalized  Distribution  of  Signal  Durations  Exceeding  19  dB  for 
March  1989.  The  frequency  Is  104  MHz 
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GEOPHYSICS  LhB  meteor  SCOTTER  PROCRrtM 


riORM .  DISTRIBUTION  VS  OUROTION  JUNE  1339 


DURAT ION 


NORMALIZING  FACTORS: 

UNDER  -  13319.  OVER  -  6838.  SPOR-E  -  410. 

EVENTS  -  20157.  TRAILS  -  20567. 


Figure  D48.  Normalized  Distribution  of  Signal  Durations  Exceeding  19  dB  for 
June  1989.  The  frequency  Is  104  MHz 


NORM,  DISTRIBUTION  VS  DURATION  SEPTEMBER  1989 


00  01  OZ  03  OJ  OS  Ob  0.7  08  0  3  lO 

DURA  r I ON 

EXCEEDING  19.0  DB  SNR 

the  time  of  day  IS  0-24  hours  U.T. 

FREQUENCY  =  104  MHZ 

EFFECTIVE  SYSTEM  BANDWIDTH  =  1 00. HZ 

BASED  ON  AVERAGED  NOISE  MEASUREMENTS  -  HORIZONTAL 

NORMAL  ICING  FAC  T ORS : 

UNDER  -  8187.  Over  -  2158.  SPOR-E  -  IZ^u, 

EVENTS  -  10345  trails  -  llb.^A, 


Figure  D49.  Normalized  Distribution  of  Signatl  Durations  Exceeding  19  dB  for 
September  1989.  The  frequency  Is  104  MHz 


geophysics  LftB  METEOR  SCATTER  PROGRAM 


NORM.  DISTRIBUTION  vS  DURATION  DECEMBER  1S39 


exceeding  19,0  OB  SNR 

THE  time  of  day  IS  0-24  HOURS  U.T. 

FREQUENCY  =  104  MHZ 

EFFECTIVE  SYSTEM  BANDNIOTH  =  100. HZ 

BASED  ON  AVERAGED  NOISE  MEASUREMENTS  -  HORIZONTAL 

normalizing  FACTORS; 

UNDER  -  S978.  OVER  -  2351.  SPOR-E  -  614, 

EVENTS  -  8329.  TRAILS  -  S943. 


Figure  D50.  Normalized  Distribution  of  Signal  Durations  Exceeding  19  dB  for 
December  1989.  The  frequency  Is  104  MHz 


0  0 


GEOPHYSICS  LOB  METEOR  SCATTER  PROGRAM 


NORM.  DISTRIBUTION  VS  DURATION  FEBRUARY  1989 


normalizing  FACTORS: 

UNDER  -  1164.  OVER  -  660.  SPOR-E  -  13. 

EVENTS  -  1824.  trails  -  1837. 


Figure  D51.  Normalized  Distribution  of  Signal  Durations  Exceeding  29  dB  for 
February  1989.  The  frequency  Is  104  MHz 


norm.  distribution  vS  duration  march  1969 


F-CEEDINC  09  0  DB  SNR 

the  time  of  day  is  0  -  04  hours  u.t, 

FREGU^NCf  =  1 04  MHzi 

EFFECTIVE  S>3TEn  eftNOUlDTH  =  100. HZ 

BOSEP  OP  OvERmoED  NLi I bE  MEhoUPEMENTS  -  HOPIZUNThL 

f  iriRf  tMi_  I  Z  I  NO  F 0('  T OP’S  : 

I  ir  iPER  -  i  jCiR  -I V pp  -  eno  .  SPOR  - E  -  S  . 

EVFMTZ  -  190S.  TPmIl?.  -  I9l3. 

Figure  D52.  Normalized  Distribution  of  Signal  Durations  Exceeding  29  dB  for 
March  1989.  The  frequency  Is  104  MHz 


GEOPHYSICS  LHB  METEOR  SCATTER  PROGRAM 


NORM.  DISTRIBUTION  v5  OUROTION  JUNE  iSdS 


DURATION 


NORMALIZING  FACTORS: 

UNDER  -  4640.  OVER  -  3880.  SPOR-E  -  442. 

EVENTS  -  8520.  TRAILS  -  8962. 

Figure  D53.  Normalized  Distribution  of  Signal  Durations  Exceeding  29  dB  for 
June  1989.  The  frequency  Is  104  MHz 


NORM.  DISTRIBUTION  vS  DURATION  SEPTEMBER  1985 


l  iUPHT  ION 


E'.crrnirjr.  .'  t  n  ub  snr 

The  time  of  iiH.  IS  u  .14  hours  u.t. 

FRi  ijiirnr V  ,  III-!  MHZ 

FFTmivF  SY-TIEM  BANONIDTh  ^  100. HZ 

BChOTi  on  hVEFiTE.ED  MOiSi.  rtEiV UREMETtTb  -  HORIZOMTAl 

noRMFiL  I  I  riij  F  CiL  I  i.iF  . 

ijNcr:;-'  Z'TS-i.  r-vF--  -  i4m4.  spijf-e  -  s..!.s. 

FYENT  .  -  l.l.S’.  TF^‘^|L.'■  -  jg-jS  . 

Figure  D54.  Normalized  Distribution  of  Signal  Durations  Exceeding  29  dB  for 
September  1989.  The  frequency  Is  104  MHz 
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GEOPHYSICS  LfiB  METEOR  SCATTER  PROGRAM 


NORM.  DISTRIBUTION  VS  DURATION  DECEMBER  1933 


UNDERDEnSE  o 
OvERDENSE  A 

all-trails  X 


EXCEEDING  29.0  OB  SNR 

THE  TIME  OF  DAY  IS  0-24  HOURS  U.T. 

FREQUENCY  =  104  MHZ 

EFFECTIVE  SYSTEM  BANDWIDTH  =  100. HZ 

BASED  ON  AVERAGED  NOISE  MEASUREMENTS  -  HORIZONTAL 

normalizing  FACTORS; 

UNDER  -  2233.  OVER  -  1487.  SPOR-E  -  402. 

EVENTS  -  3720.  trails  -  4122. 


Figure  D55.  Normalized  Distribution  of  Signal  Durations  Exceeding  29  dB  for 
December  1989.  The  frequency  Is  104  MHz 
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GEOPHYSICS  LOB  METEOR  SCATTER  PROGRAM 
NORM.  DISTRIBUTION  VS  DURATION  FEBRUARY  1SS3 


duRat ion 

NORMALIZING  FACTORS: 

UNDER  -  178.  Over  -  185.  SROR-E  -  33. 

EVENTS  -  363.  trails  -  396. 

Figure  D56.  Normalized  Distribution  of  Signal  Durations  Exceeding  39  dB  for 
February  1989.  The  frequency  Is  104  MHz 


NORM.  DlSTRieuY  ION  v:3  OURATION  MARCH  ISSS 


n  I]  0  1  O  0  3  0  .1  os  Ob  0  7  c  s 

DURA  r 1  ON 


E'CEfOinn  30  .  n  Eib  snr 

IMF  n  ML  IJF  Our  M  O  -  L’4  HUUR'o  U .  T  . 

FPLOUiLMCt  -  lij.)  .HZ 

rrrFCMvF  Fiotem  BANOiiiorn  =  ioo.h.-. 

BA'ZFD  on  mVEFmi.'.C  n  NOIOE  measurements  -  HCIRI  .s.iNTi.L 

NUFMIO  I  Z  I  Nl ,  fuEIiJR'S': 

iinriFP  -  IL'  OVER  -  107.  SE-'I)P-E 

E  '.’LNTs  iP'HlL'-j  -  4 j6  . 


Figure  D57.  Normalized  Distribution  of  Signal  Durations  Exceeding  39  dB  for 
March  1989.  The  frequency  is  104  MHz 
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C'EOPHYSICS  LhB  meteor  GCflTTER  PROCRRM 


NORM.  DISTRIBUTION  VS  DURATION  JUNE  1 9S'J 


DURATION 

normal  IE  INC  FACTORS: 

UNDER  -  780.  OVER  -  13.35,  SPOR-E  -  ISO, 

EVENTS  -  Cl I5.  TRhIlS  -  CC65 . 


Figure  D58.  Normalized  Distribution  of  Signal  Durations  Exceeding  39  dB  for 
June  1989.  The  frequency  Is  104  MHz 


NORM.  distribution 

I 

;□  t- - ' - - - - - — 


vS  OURhTION  SEPTEMBER  !9B'9 
- - - - ^ - - - ^ - r  10  ' 


UNDERDENSE  O 
iqO  ovERDENSE 

ALL  -  TRfl  i  LS 


i. - , - H - . - , - , - 1- - 1 - . - f  II 

0  U  0  1  0  0  0.3  0  4  13  S  0 .  ti  0  7  0  8  0  8  10 

DURfiT ION 

E>r ELDING  3'J  0  DB  SNR 

IMP  TIME  OF  day  is  0  -  C-1  HOURS  U.T. 

PPEuLCNfY  =  104  MHZ 

EPPEi  riVL  SYSrCrl  EhNDNIDTH  =  100. HZ 

BOSED  ON  OVEPhOED  NOISE  MEASUREMENTS  -  HOPIZOriTAL 

NhRMhI  I  I  nG  rSYi.TOP'T. 

UNDEP  5  TB  E'VEP  .  BE4.  TPiTR-E  -  SJG' 

I  VENIT,  .  1  lU.  -  I  .T  JJ  . 


Figure  D59.  Normalized  Distribution  of  Signal  Durations  Exceeding  39  dB  for 
September  1989.  The  frequency  Is  104  MHz 


78 


GEOPHYSICS  LRB  METEOR  SCATTER  PROGRAM 


EXCEEOING  39.0  OB  SNR 

THE  TIME  OF  OAY  IS  0-24  HOURS  U.T. 

FREQUENCY  =  104  MHZ 

EFFECTIVE  SYSTEM  BANDWIDTH  =  100. HZ 

BASED  ON  AVERAGED  NOISE  MEASUREMENTS  -  HORIZONTAL 

rJGPMALlZlNC  FACTORS- 

UNDER  -  393.  OVER  -  503.  bPOR-E  -  111. 

EVENTS  -  896.  TRAILS  -  1007. 


Figure  D60.  Normalized  Distribution  of  Signal  Durations  Exceeding  39  dB  for 
December  1989.  The  frequency  Is  104  MHz 
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Appendix  E 

Waiting  Time  Statistics.  Diurnal  Variations 
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GLOPHYSICS  LGB  METEOR  bLtTTTER  PROGRhM 


DELIVERY  TIME  i SEC  i  v5  TODiUT)  FEBRUARY  1939 


0  2  4  6  8  10  12  14  16  18  20  22  24 


TODlUT I 

MESSAGE  400  BITS  50.0/  CONF 
MESSAGE  PIECING  IS  NOT  USED 
MODULATION  =  2-PSK  BER  =  I.OE-03 
DATA  RATE  =  8.0  KBPS 

EACH  PACKET  HAS  400  BITS  OF  WHICH  0  ARE  OVERHEAD 


45  MHZ 
65  MHZ 

104  MHZ 


Figure  El .  Waiting  Time  vs  Time  of  Day  for  Trails  of  50  msec  Duration  for 
February  1989.  The  transmitter  power  is  10,000  W 


DELIVERY  TIME  (SEC  I  VS  TODIUT >  FEBRUARY  1989 


0  2  4  6  8  10  12  14  16  18  20  22  24 


TOOl  1  IT  I 

MESSAGE  GOn  BITS  SO  0  .  CONF 
MESShLC  pi  EC  INI.  IS.  NOT  UbED 

MonuiATinn  -  .s  psl  per  =.  i  .or -0.3 

IiATm  I'm  It"  _  r  ,  n  i‘.BP:. 

EAitt  I  Ml  i-L  r  Hit:  ,  i.llO  HIT...  OF  WHICH  0  ARE  OVEKuEAl.T 
T  Hit  1  N  1  I  I  ML  I  .'Cl  I  I  ON  II  ME  IS  0  MS 
BASEO  DM  AVERAGED  NOISE  MEASUREMENTS  -  HORIZONTAL 
I'Ol.lFR  riEC.L'HOAl  I  iTN  FmCIiJF.  =  -10  0 


4S  MHZ 
65  MHZ 

104  MHZ 


Figure  E2.  Same  as  Figure  El  but  for  Trails  of  75  msec 


GEOPHYSICS  LfiB  METEOR  SCATTER  PROGRAM 


DELIVERY  TIME  (SEC) 


VS  TOD(UT) 


FEBRUARY  1989 


2  4  6  8  la  12  14 

TOD(UT ) 

MESSAGE  1600  BITS  50.0/.  CONF 
MESSAGE  PIECING  IS  NOT  USED 
MODULATION  =  2-PSK  BER  -  l.OE-03 
DATA  RATE  =  8.0  KBPS 

EACH  PACKET  HAS  1600  BITS  OF  WHICH 


16  18  20  22 


0  ARE  OVERHEAD 


45  MHZ 
65  MHZ 

104  MHZ 


Figure  E5.  Same  as  Figure  El  but  for  Trails  of  200  msec 


DELIVERY  TIME  (SEC) 


VS  TOD(UT) 


FEBRUARY  1989 


4  r,  8  10  12  14  I 

TODl UT 1 

MESSRC.E  3200  BITS  50.0/  CONF 
MESSAGE  PIECING  IS  NOT  USED 
MODULATION  =  2-P5K  BER  =  I.OE-03 
DATA  PATE  =  8.0  KBPS 

FiiCH  PACKET  HAS  32ITO  BITS  OF  WHICH 
THE  INI T 1 AL I zor i ON  TIME  IS  OMS 
BASED  ON  AVERAGED  NOISE  MEASUREMENTS 
PlIHEP  fjEGRADArinN  FACTOR  ^  -10.0 


0  APE  OVERHEAD 
-  HORIZONTAL 


45  MHZ 
65  MHZ 

104  MHZ 


Figure  E6.  Same  as  Figure  El  but  for  Trails  of  400  msec 


geophysics  lob  meteor  scatter  program 


DELIVERY  TIME  (SEC)  VS  TOO(UT)  FEBRUARY  1989 


MESSAGE  400  BITS  50,07.  CONE 
MESSAGE  PIECIN’G  IS  NOT  USED 
MOOULATION  =  2-PSK  BER  =  1 .OE-03 
DATA  RATE  =  8.0  KBPS 

EACH  PACKET  HAS  400  BITS  OF  WHICH  0  ARE  OVERHEAD 


45  MHZ 
65  MHZ 

104  MHZ 


Figure  E7.  Waiting  Time  vs  Time  of  Day  for  Trails  of  50  msec  Duration  for 
February  1989.  The  Transmitter  power  is  1,000  W 


DELIVERY  TIME  (SEC)  VS  TOO(UT)  FEBRUARY  1989 


message  600  BITS  SO.O:'.  CONF 
MESSAGE  PIECING  IS  NOT  USED 
MOriliLATION  =  2-P5K  BLR  =  l,0E-03 

UnrH  E^ATE  =  8.0  KBPS 

Ehi  H  PAi'KFT  HHCi  600  BITS  OF  WHICH  0  ARE  OvERmEmII 
the  INI TIAlIZAI ion  time  IS  0  M3 
HeT'.EII  UN  hvERAIjED  noise  measurements  -  hORIZOnThl 
Ei.iwEJ'  UfuRADAIION  E ML  TOR  =  0.0 


45  MHZ 
65  MHZ 

104  MHZ 


Figure  E8.  Same  as  Figure  E7  but  for  Trails  of  75  msec 


GEOPHYSICS  LHB  METEOR  SCRTTER  PROCRRM 
DELIVERY  time  ( sec  I  VS  TOD(UT)  FI 


FEBRURRy  1989 


2  ■>  6  8  10  12  14  16  18  20  22  24 

TOD(UT I 

MESSfiCE  800  BITS  50.0/.  CONF 
MESSfiCE  PIECING  IS  NOT  USED 
MOOULOTION  =  2-PSK  BER  =  !  0E'03 
OflTR  RATE  =  8.0  KBPS 

EACH  PACKET  HAS  800  BITS  OF  WHICH  0  ARE  OVERHEAD 


45  MHZ 
65  MHZ 

104  MHZ 


Figure  E9.  Same  as  Figure  E7  but  for  Trails  of  100  msec 


DELIVERY  TIME  (SEC) 


VS  TOD(UT) 


FEBRUARY  1939 


45  MHZ 
65  MHZ 

104  MHZ 


2  4  6  8  10  12  14 

TODI UT I 

MESSAGE  IGOO  BITS  50.0/  CONF 
MESSAGE  PIECING  IS  NOT  USED 
modulation  =  2-PSK  BER  =  l.OE-03 
OATH  FATE  =  8.0  KBPS 

each  packet  HAS  1200  BITS  OF  WHICH 
THE  initialization  T I  ME  I S  O  MS 
BASED  ON  AVERAGED  NOISE  MEASUREMENTS 
POWER  DEGRADATION  FACTOR  =  00 


0  ARE  OVERHEAD 
-  HORIZONTAL 


Figure  ElO.  Same  as  Figure  E7  but  for  Trails  of  150  msec 


geophysics  lob  meteor  scatter  program 


DELIVERY  TIME  (SEC)  VS  TOOIUTI  FEBRUARY  1989 


MESSAGE  1600  BITS  50,0/.  CONF 
MESSAGE  PIECING  IS  NOT  USED 
MODULATION  =  2-PSK  BER  =  1 .OE-03 
DATA  RATE  =  8.0  KBPS 

EACH  PACKET  HAS  1600  BITS  OF  WHICH  0  ARE  OVERHEAD 


45  MHZ 
65  MHZ 

104  MHZ 


O 


Figure  Ell.  Same  as  Figure  E7  but  for  Trails  of  200  msec 


DELIVERY  TIME  (SEC)  VS  TOO(UT)  FEBRUARY  1989 


TGDi  IJT  I 

MESoHiYf  .^000  Rirs  SO  0/  ojrjK 
MESSA(,t;  PIECIrJG  IS  NOT  USED 
MUliULHilDN  -  ..'-PSK  BIN  1  .06-03 
UOIm  HtlH  B  0  hpP'i 

Miin  Pill  Kl  I  HO’  ,  3/ 111  I  Bir-.  WHICH  0  ARL  OVERhrHn 
IHf  IniTIm  I/tUION  I  IMP  p,  II  MS 

BhSCD  UN  lYvERCiGED  NOISE  MEHSLlF-'EMENYb  -  HORIZONTAL 
f'lUlff-  01  C.i'-mDOT  I  UN  rofTiJR  LI  0 


45  MHZ 
65  MHZ 

104  MHZ 


A 

+ 


Figure  El 2.  Same  as  Figure  E7  but  for  Trails  of  400  msec 
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geophysics  LhB  meteor  bCOTTER  PROGRAM 


DELIVERY  TIME  ( SEC  I  VS  TOD(UT)  FEBRUARY  1989 


TODIUT I 


MESSAGE  400  BITS  50.0/  CONF 
MESSAGE  PIECING  IS  NOT  USED 
MODULATION  =  2-PSK  BER  =  1 .OE-03 
DATA  ROTE  =  8.0  KBPS 

EACH  packet  has  400  BITS  OF  WHICH  0  ARE  OVERHEAD 


45  MHZ 
65  MHZ 

104  MHZ 


A 

+- 

O 


Figure  El 3.  Waiting  Time  vs  Time  of  Day  for  Trails  of  50  msec  Duration  for 
February  1989.  The  transmitter  power  is  100  W 


DELIVERY  TIME  ( SEC  i  VS  TOOlUTI  FEBRUARY  1989 


MESSAGE  hOO  BITS  50  O' .  CONF 
MESSAGE  PIECING  IS  HOT  USED 
MiTOHLATION  ^  G-P'>,  BER  =  I  .OE-03 
O.UA  PATE  ;  G  i.)  i-,BFS 

tAi  H  PmlKET  HG‘' .  GA'.I  BITS  Of  WHICH  0  ARE  OVERHEAD 
IMI  IHl  T  lAl.  I  . 'EH  inrj  TIME  IS  0  MS 

l-A'.fp  GTJ  AVEPAC.rn  TJOlSE  MLhSHP'EMENTS  -  HORIZONTAL 
•  I 'At  ;v  D(  I'.RGiDA  11  AH  EE, I  Ii.'R  10  0 


45  MH 
65  MH 

104  MHZ 


Figure  E14.  Same  as  Figure  E13  but  for  Trails  of  75  msec 
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Figure  El 6.  Same  as  Figure  E13  but  for  Trails  of  150  msec 


GEOPHYSICS  LOB  METEOR  SCfiTTER  PROCROM 


DELIVERY  TIME  ( SEC i 


TOD(UT) 


FEBRUfiRY  1989 


2  4  b  8  10  12  14 

TODlUT I 

MESSAGE  1600  BITS  50.0/.  CONE 
MESSAGE  PIECING  IS  NOT  USED 
MODULATION  =  2-PSK  BER  =  1 .OE-03 
DATA  RATE  =  8.0  KBPS 

EACH  PACKET  HAS  1600  BITS  OF  WHICH 


45  MHZ 
65  MHZ 

104  MHZ 


0  ARE  OVERHEAD 


Figure  E17,  Same  as  Figure  E13  but  for  Trails  of  200  msec 


DELIVERY  TIME  (SEC) 


VS  TODIUTI 


FEBRUARY  1989 


2  4  6  8  10  12  14  16  18  20 

TODIUT 1 

MESSAGE  3200  BITS  50.07.  CONF 

MESSAGE  PIECING  IS  NOT  USED 
MODULATION  =  .2-PSK  BER  =  1.0E-03 

DATA  ROTE  =  8.0  KBPS 

EACH  PACKET  HAS  3200  BITS  OF  WHICH  0  ARE  OVERHEAD 
THE  IN! T lAL' ZOT lOM  TIME  IS  OMS 
BASED  ON  AVEPACED  NOISE  MEOSUPEMENTS  -  HORIZONTAL 
POWER  OEGRADATinri  FACTOR  ^  10.0 


45  MHZ 
65  MHZ 

104  MHZ 


Figure  E18.  Same  as  Figure  E13  but  for  Trails  of  400  msec 


+  0 


GEOPHYSICS  LfiB  METEOR  SCATTER  PROGRAM 


DELIVERY  TIME  (SEC)  VS  TOO(UTI  FEBRUARY  1969 


4  4 


MESSAGE  400  BITS  50,07.  CONF 
MESSAGE  PIECING  IS  NOT  USED 
modulation  =  2-PSK  BER  =  1 .OE-03 
DATA  RATE  =  8.0  KBPS 

EACH  PACKET  HAS  400  BITS  OF  WHICH  0  ARE  OVERHEAD 


45  MHZ 
65  MHZ 

104  MHZ 


Figure  E19.  Waiting  Time  vs  Time  of  Day  for  Trails  of  50  msec  Duration  for 
February  1989.  The  transmitter  power  Is  10  W 


DELIVERY  TIME  (SEC)  VS  TOO(UT)  FEBRUARY  i939 


TOD( UT I 

MESohGF  F.OO  bits  50.07  ClONF 
MESShGl  piecing  is  not  USED 
MOnULATIfiri  =  Z-PSK  BER  =  l.OE-03 
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Figure  E20.  Same  as  Figure  E19  but  for  Trails  of  75  msec 
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Figure  E21.  Same  as  Figure  E19  but  for  Trails  of  100  msec 
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Figure  E22.  Same  as  Figure  E19  but  for  Trails  of  150  msec 
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Figure  E24.  Same  as  Figure  E19  but  for  Trails  of  400  msec 
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Figure  E25.  Waiting  Time  vs  Time  of  Day  for  Trails  of  50  msec  Duration  for 
February  1989.  The  transmitter  power  Is  5  W 
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Figure  E26.  Same  as  Figure  E25  but  for  Trails  of  75  msec 
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Figure  E27.  Same  as  Figure  E25  but  for  Trails  of  100  msec 
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Figure  E28.  Same  as  Figure  E25  but  for  Trails  of  150  msec 
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Figure  E29.  Same  as  Figure  E25  but  for  Trails  of  200  msec 
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Figure  E30.  Same  as  Figure  E25  but  for  Trails  of  400  msec 
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Figure  E31.  Waiting  Time  vs  Time  of  Day  for  Trails  of  50  msec  Duration  for 
March  1989.  The  transmitter  power  Is  10,000  W 
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Figure  E32.  Same  as  Figure  ESi  but  for  Trails  of  75  msec 
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Figure  E33.  Same  as  Figure  E31  but  for  Trails  of  100  msec 
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Figure  E34.  Same  as  Figure  E31  but  for  Trails  of  150  msec 
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Figure  E35.  Same  as  Figure  E31  but  for  Trails  of  200  msec 
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Figure  E36.  Same  as  Figure  E31  but  for  Trails  of  400  msec 
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Figure  E37.  Waiting  Time  vs  Time  of  Day  for  Trails  of  50  msec  Duration  for 
March  1989.  The  transmitter  power  Is  1,000  W 
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Figure  E38.  Same  as  Figure  E37  but  for  Trails  of  75  msec 
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Figure  E39.  Same  as  Figure  E37  but  for  Trails  of  100  msec 
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Figure  E40.  Same  as  Figure  E37  but  for  Trails  of  150  msec 
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Figure  E4 1 .  Same  as  Figure  E37  but  for  Trails  of  200  msec 
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Figure  E42.  Same  as  Figure  E37  but  for  Trails  of  400  msec 
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Figure  E43.  Waiting  Time  vs  Time  of  Day  for  Trails  of  50  msec  Duration  for 
March  1989.  The  transmitter  power  Is  100  W 
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Figure  E44.  Same  as  Figure  E43  but  for  Trails  of  75  msec 
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Figure  E45.  Same  as  Figure  E43  but  for  Trails  of  100  msec 
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Figure  E46.  Same  as  Figure  E43  but  for  Trails  of  150  msec 
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Figure  E47.  Same  as  Figure  E43  but  for  Trails  of  200  msec 
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Figure  E48.  Same  as  Figure  E43  but  for  Trails  of  400  msec 
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Figure  E49.  Waiting  Time  vs  Time  of  Day  for  Trails  of  50  msec  Duration  for 
March  1989.  The  transmitter  power  Is  10  W 
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Figure  E50.  Same  as  Figure  E49  but  for  Trails  of  75  msec 
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Figure  E51.  Same  as  Figure  E49  but  for  Trails  of  100  msec 


45  MHZ 
65  MHZ 

104  MHZ 


DELIVERY  TIME  (SEC) 


VS  TOD(UT) 


MARCH  1989 


2  4  6  0  10  12  14 

TODIUT ) 

MESShISE  1200  BITS  50.0/.  CONF 
MESSlTCE  PIECING  IS  NOT  USED 
MODLILhTIun  -  2 -PSl^  BER  =  I  .CiE-03 
DA  TO  RATE  =  8.0  KBPS 

f  AiD(  PAl. KET  HAS  120(3  I  T!-;.  (if  WHICH 
THE  ICM T  1  ni  I ZAT ION  TIME  IS  0  MS 
BASED  ON  hvEROGED  NOISE  MEASUREMENTS 
E-OdEEv  DECRADATION  EACTOR  20.0 


0  hRE  i.!VEP)iEt 
-  HORIZOITThL 


45  MHZ 
65  MHZ 

1 04  MHZ 


Figure  E52.  Same  as  Figure  E49  but  for  Trails  of  150  msec 
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Figure  E53.  Same  as  Figure  E49  but  for  Trails  of  200  msec 
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Figure  E54.  Same  as  Figure  E^49  but  for  Trails  of  400  msec 
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Figure  E55.  Waiting  Time  vs  Time  of  Day  for  Trails  of  50  msec  Duration  for 
March  1989.  The  transmitter  power  Is  5  W 
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Figure  E56.  Same  as  Figure  E55  but  for  Trails  of  75  msec 
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Figure  E57.  Same  as  Figure  E55  but  for  Trails  of  100  msec 


DELIVERY  TIME  (SECl  VS  TOD(UT)  MARCH  1969 


MESSAGE  ICOO  BITS  50. OX  CONF 
MESSAGE  PIECING  IS  NOT  USED 
MODULATION  =  2-PSK  BER  =  l.OE-03 
DATA  RATE  =  8.0  KBPS 

EACH  PACKET  HAS  1200  BITS  OF  WHICH  0  ARE  OVERHEAD 
THE  initialization  time  is  0  ms 
BASED  ON  AVERAGED  NOISE  MEASUREMENTS  -  HORIZONTAL 
POWER  DFGPADATION  FACTOR  =  23.0 


45  MHZ 
65  MHZ 

1(34  MHZ 


Figure  E58.  Same  as  Figure  E55  but  for  Trails  of  150  msec 
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Figure  E59.  Same  as  Figure  E55  but  for  Trails  of  200  msec 
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Figure  E60.  Same  as  Figure  E55  but  for  Trails  of  400  msec 
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Figure  E61.  Waiting  Time  vs  Time  of  Day  for  Trails  of  50  msec  Duration  for 
June  1989.  The  transmitter  power  Is  10.000  W 
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Figure  E62.  Same  as  Figure  E61  but  for  Trails  of  75  msec 
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Figure  E63.  Same  as  Figure  E61  but  for  Trails  of  100  msec 
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Figure  E64.  Same  as  Figure  E61  but  for  Trails  of  150  msec 
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Figure  E65.  Same  as  Figure  E61  but  for  Trails  of  200  msec 
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Figure  E66.  Same  as  Figure  E61  but  for  Trails  of  400  msec 
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Figure  E67.  Waiting  Time  vs  Time  of  Day  for  Trails  of  50  msec  Duration  for 
June  1989.  The  transmitter  power  Is  1,000  W 


GEL  I  VERY  TIME  (SEC)  VS  TOO(UT)  JUNE  1989 


MES:TP(5E  bOO  BITS  50 .  )T>.  CONF 
ME5S)")CE  PIECIN(5  15  NOT  USED 
MODULhTION  -  ::-P5K  BFR  l.OE-03 
OPTO  RPTE  r  B.Q  KBF-'S 

EPCH  PP(_KET  HTTS  b(JlT  BITS  (JF  WHICH  0  PRE  OVERHEhD 
THE  INI  T  IhL  I  EOT  1(DN  T  I  ME  1  S  0  MS 
BPSED  ON  PVERPGED  NOISE  MEOSUREMENTS  -  HORIZONTPL 
MPXIMUM  DOlIN  TIME  0(..)E  TO  SENTROO I C  -  E  -  240  SECONDS 

POWER  OEC.RhDPTION  rpl'T(TR  =  GO 


45  MHZ 
65  MhZ 

104  MHZ 


Figure  E68.  Same  as  Figure  E67  but  for  Trails  of  75  msec 
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Figure  E69.  Same  as  Figure  E67  but  for  Trails  of  100  msec 
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Figure  E70.  Same  as  Figure  E67  but  for  Trails  of  150  msec 
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Figure  E71.  Same  as  Figure  E67  but  for  Trails  of  200  msec 
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Figure  E72.  Same  as  Figure  E67  but  for  Trails  of  400  msec 
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Figure  E73.  Waiting  Time  vs  Time  of  Day  for  Trails  of  50  msec  Duration  for 
June  1989.  The  transmitter  power  Is  100  W 
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Figure  E74.  Same  as  Figure  E73  but  for  Trails  of  75  msec 
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Figure  E75.  Same  as  Figure  E73  but  for  Trails  of  100  msec 
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Figure  E76.  Same  as  Figure  E73  but  for  Trails  of  150  msec 
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Figure  E77.  Same  as  Figure  E73  but  for  Trails  of  200  msec 
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Figure  E78.  Same  as  Figure  E73  but  for  Trails  of  400  msec 
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Figure  E79.  Waiting  Time  vs  Time  of  Day  for  Trails  of  50  msec  Duration  for 
June  1989.  The  transmitter  power  is  10  W 
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Figure  E80.  Same  as  Figure  E79  but  for  Trails  of  75  msec 
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Figure  E81 .  Same  as  Figure  E79  but  for  Trails  of  100  msec 
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Figure  E82.  Same  as  Figure  E79  but  for  Trails  of  150  msec 
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Figure  E83.  Same  as  Figure  E79  but  for  Trails  of  200  msec 
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Figure  E84.  Same  as  Figure  E79  but  for  Trails  of  400  msec 
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Figure  E85.  Waiting  Time  vs  Time  of  Day  for  Trails  of  50  msec  Duration  for 
June  1989.  The  transmitter  power  Is  5  W 
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Figure  E86.  Same  as  Figure  E85  but  for  Trails  of  75  msec 
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Figure  E87.  Same  as  Figure  E85  but  for  Trails  of  100  msec 
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Figure  E88.  Same  as  Figure  E85  but  for  Trails  of  150  msec 
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Figure  E89.  Same  as  Figure  E85  but  for  Trails  of  200  msec 
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Figure  E90.  Same  as  Figure  E85  but  for  Trails  of  400  msec 
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Figure  E9 1 .  Waiting  Time  vs  Time  of  Day  for  Trails  of  50  msec  Duration  for 
September  1989.  The  transmitter  power  Is  10,000  W 
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Figure  E92.  Same  as  Figure  E91  but  for  Trails  of  75  msec 
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Figure  E93.  Same  as  Figure  E91  but  for  Trails  of  100  msec 


DELIVERY  TIME  ( SEC  l  vS  TiTOiijTi 

4 

, . . . . . . . . . . . . . 


10 


I 


lO 


4C  MHZ  A 
bS  MHZ  + 

104  MHZ 


Ml  .  ..-4  !  I  II  i  TO  1  • 

Ml  .  ..iM  f  111  If-Ji.  i  .  til'’ 
MGI  'i  I  Ml  I  I  in  .If  !■ 

I  In  I  n  P.  I  i  f  .H  I  I  f  l-iE:  , 

t.HCH  rm  f  t  T  HM'-.  1  'I  ii  I  E  ^ 

I  Ml.  !  N  !  I  1  Ml  I  /Hi  I  I  ’H  1  I  Ml 
PHSEC  ON  hvEPhC-ED  rjOl  ;[ 
R  r.ri'.RPjC'iTT  I nn  Rmcti- 


i-  1,1  . , 

I  I  IE  WHI'  m 
i  11  ri': 

MEnGjP'EMENr 

I  »'T  1> 


Figure  E94.  Same  as  Figure  E91  but  for  Trails  of  150  msec 
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Figure  E97.  Waiting  Time  vs  Time  of  Day  for  Trails  of  50  msec  Duration  for 
September  1989.  The  transmitter  power  is  1,000  W 
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Figure  E98.  Same  as  Figure  E97  but  for  Trails  of  75  msec 
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Figure  E99.  Same  as  Figure  E97  but  for  Trails  of  100  msec 


DELIVERY  TIME  I  SEC  I  VS  TOO(UT)  SEPTEMBER  1989 

- - - - - - . - - - - - ^ - , - ^ -  ,0^ 


45  MHZ 
65  MHZ 

104  MHZ 


2  4  b  S  10  12  14  16  la  20  22  24 

TODi UT ) 

MESSAGE  1200  BITS  50 . OZ  CONF 
MhbSHGE  PIECING  Is  NOT  USED 
MOOULATIiTN  =:  2-PSK  BER  =  I,0E-03 
OAT A  RATF  =  8.0  KBPS 

EACH  PACKET  HAS  1200  BITS  OF  WHICH  0  ARE  OVERhEhVJ 
THE  initialization  time  IS  O  MS 
BASED  ON  AVERAGED  NOIsE  MEASUREMENTS  -  HORIZONTAL 
POWER  DEGRADATION  FAC  TOP  =  0.0 


Figure  El 00.  Same  as  Figure  E97  but  for  Trails  of  150  msec 
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Figure  ElOl.  Same  as  Figure  E97  but  for  Trails  of  200  msec 
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Figure  El 02.  Same  as  Figure  E97  but  for  Trails  of  400  msec 
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Figure  El 03.  Waiting  Time  vs  Time  of  Day  for  Trails  of  50  msec  Duration  for 
September  1989.  The  transmitter  power  Is  100  W 
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Figure  El 04.  Same  as  Figure  El 03  but  for  Trails  of  75  msec 
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Figure  E105.  Same  as  Figure  E103  but  for  Trails  of  100  msec 
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Figure  El 06.  Same  as  Figure  El 03  but  for  Trails  of  150  msec 
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Figure  E107.  Same  as  Figure  E103  but  for  Trails  of  200  msec 
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Figure  El 08.  Same  as  Figure  El 03  but  for  Trails  of  400  msec 
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Figures  El 09.  Waiting  Time  vs  Time  of  Day  for  Trails  of  50  msec  Duration  for 
September  1989.  The  transmitter  power  Is  10  W 
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Figure  Elio.  Same  as  Figure  E 1 09  but  for  Trails  of  75  msec 
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Figure  El  1 1 .  Same  as  Figure  E109  but  for  Trails  of  100  msec 
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Figure  El  12.  Same  as  Figure  E109  but  for  Trails  of  150  msec 
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EACH  PACKET  HAS  1600  BITS  OF  WHICH  0  ARE  OVERHEAD 
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Figure  El  13.  Same  as  Figure  El 09  but  for  Trails  of  200  msec 
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Figure  El  14.  Same  as  Figure  El 09  but  for  Trails  of  400  msec 
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GEOPHYSICS  lab  meteor  SCATTER  PROGRAM 


delivery  time  (SEC)  VS  TOO(UT)  SEPTEMBER  1989 


MESSAGE  400  BITS  50.0/.  CONE 
MESSAGE  PIECING  IS  NOT  USED 
MODULATION  =  2-PSK  BER  =  1 .OE-03 
data  RATE  =  8.0  KBPS 

EACH  PACKET  HAS  400  BITS  OF  WHICH  0  ARE  OVERHEAD 
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Figure  Elis.  Waiting  Time  vs  Time  of  Day  for  Trails  of  50  msec  Duration  for 
September  1989.  The  transmitter  power  Is  5  W 
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Figure  El  16.  Same  as  Figure  El  15  but  for  Trails  of  75  msec 
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Figure  El  17.  Same  as  Figure  E115  but  for  Trails  of  100  msec 
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Figure  El  18.  Same  as  Figure  El  15  but  for  Trails  of  150  msec 


geophysics  LfiB  METEOR  SCftTTER  PROCRRM 


DELIVERY  time  (SEC)  VS  TOD(UT)  SEPTEMBER  1989 
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MESSfiCE  PIECING  IS  NOT  USED 
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OATO  RATE  =  8.0  KBPS 

EACH  PACKET  HAS  1600  BITS  OF  WHICH  0  ARE  OVERHEAD 
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Figure  El  19.  Same  as  Figure  El  15  but  for  Trails  of  200  msec 
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Figure  El 20.  Same  as  Figure  El  15  but  for  Trails  of  400  msec 
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geophysics  LHB  meteor  SCflTlER  PROGRftM 


DELIVERY  time  I  SEC)  VS  TOD(GT)  DECEMBER  1969 


MESSfiGE  400  BITS  SO.OZ  CONE 
MESSAGE  PIECING  IS  NOT  USED 
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EACH  PACKET  HAS  400  BITS  OF  WHICH  0  ARE  OVERHEAD 
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Figure  E121.  Waiting  Time  vs  Time  of  Day  for  Trails  of  50  msec  Duration  for 
December  1989.  The  transmitter  power  is  10,000  W 
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Figure  E122.  Same  as  Figure  E121  but  for  Trails  of  75  msec 
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Figure  E123.  Same  as  Figure  E121  but  for  Trails  of  100  msec 
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Figure  El 24.  Same  as  Figure  El 21  but  for  Trails  of  150  msec 
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Figure  E125.  Same  as  Figure  E121  but  for  Trails  of  200  msec 
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Figure  E126.  Same  as  Figure  E121  but  for  Trails  of  400  msec 
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Figure  El 27.  Waiting  Time  vs  Time  of  Day  for  Trails  of  50  msec  Duration  for 
December  1989.  The  transmitter  power  Is  1,000  W 
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Figure  El 28.  Sjune  as  Figure  El 27  but  for  Trails  of  75  msec 
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Figure  E129.  Same  as  Figure  E127  but  for  Trails  of  100  msec 
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Figure  El 30.  Same  as  Figure  El 27  but  for  Trails  of  150  msec 
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Figure  E131 .  Same  as  Figure  El 27  but  for  Trails  of  200  msec 
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Figure  E132.  Same  as  Figure  E127  but  for  Trails  of  400  msec 
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Figure  E133.  Waiting  Time  vs  Time  of  Day  for  Trails  of  50  msec  Duration  for 
December  1989.  The  transmitter  power  Is  100  W 
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Figure  El 34.  Same  as  Figure  El 33  but  for  Trails  of  75  msec 
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Figure  El 35.  Same  as  Figure  El 33  but  for  Trails  of  100  msec 
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Figure  El 36.  Same  as  Figure  El 33  but  for  Trails  of  150  msec 
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Figure  El 37.  Same  as  Figure  E133  but  for  Trails  of  200  msec 
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Figure  El 38.  Same  as  Figure  El 33  but  for  Trails  of  400  msec 
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Figure  El 39.  Waiting  Time  vs  Time  of  Day  for  Trails  of  50  msec  duration  for 
December  1989.  The  transmitter  power  Is  10  W 
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Figure  El 40.  Same  as  Figure  El 39  but  for  TteiIIs  of  75  msec 
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GEOPHYSICS  LhB  meteor  SCATTER  PROGRAM 


DELIVERY  time  ibECi  VS  TODIUT)  DECEMBER  1989 


MESSAGE  800  BITS  50. OX  CONE 
MESSAGE  PIECING  IS  NOT  USED 
MODULATION  =  Z-PSK  BER  =  I .OE-03 
DATA  RATE  =  8.0  KBPS 

EACH  PACKET  HAS  800  BITS  OF  WHICH  0  ARE  OVERHEAD 


45  MHZ 
65  MHZ 

104  MHZ 


4. 

+ 


Figure  E141.  Same  as  Figure  El 39  but  for  Trails  of  100  msec 
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Figure  El 42.  Same  as  Figure  El 39  but  for  Trails  of  150  msec 
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Figure  El 43.  Same  as  Figure  El 39  but  for  Trails  of  200  msec 
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Figure  El 44.  Same  as  Figure  El 39  but  for  Trails  of  400  msec 
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Figure  E145.  Waiting  Time  vs  Time  of  Day  for  Trails  of  50  msec  Duration  for 
December  1989.  The  transmitter  power  Is  5  W 
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Figure  E146.  Same  as  Figure  El 45  but  for  Trails  of  75  msec 
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GEOPHYSICS  LflB  METEOR  SCATTER  PROGRAM 
DELIVERY  TIME  ( SEC  1  VS  TOO(UT)  DECEMBER  19S9 
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Figure  E147.  Same  as  Figure  E145  but  for  Trails  of  100  msec 
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Figure  E148.  Same  as  Figure  E145  but  for  Trails  of  150  msec 
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Figure  El 49.  Same  as  Figure  El 45  but  for  Trails  of  200  msec 
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Figure  El 50.  Same  as  Figure  E145  but  for  Trails  of  400  msec 


Appendix  F 


Average  Waiting  Time  Statistics 


Geophusics  Laboratory  Meteor  Scatter  Probagation/COMounication  Progran 


Monthly  auaraya  uaiting  tina&  for  February  1989. 
as  a  function  of  transnitter  pouer  and  trail  duration 
The  bandwidth  is  8000  Ha 
The  frequency  is!  45  MHz 


Figure  FI.  Monthly  Average  Waiting  Time  as  a  Function  of  Transmitter 
Power  for  Trails  of  50.  75.  150.  200.  400  msec  Duration  for  the  Month  of 
February  1989.  The  frequency  Is  45  MHz 


Figure  F2.  Same  as  Figure  FI  but  for  March  1989 
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Figure  F3.  Same  as  Figure  FI  but  for  June  1989 


G«‘onhvisic5  Laboratory  fleteor  Scatter  Propayat ion/Connunicat ion  Progran 


Monthly  average  waiting  lines  for  Septenber  19B9. 
as  a  function  of  transnitter  power  and  trail  duration 
The  bandwidth  is  8000  Hz. 

The  frequency  is:  45  MHz 


Figure  F4.  Same  as  Figure  FI  but  for  September  1989 


Figure  F5.  Same  as  Figure  FI  but  for  December  1989 
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Geoohusics  Laboratoru  Meteor  Scatter  Prooagation/Connunication  Progran 
,41  seconds  I 
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Transnit  ter  power 


Monthly  auaraga  waiting  tines  for  February  1S84. 
as  a  function  of  transnitter  power  and  trail  duration 
The  bandwidth  is  8000  H2 

The  frequency  is!  65  MHz 


Figure  F6.  Monthly  Average  Waiting  Time  as  a  Function  of  Transmitter 
Power  for  Trails  of  50,  75,  150,  200,  400  msec  Duration  for  the  Month  of 
February  1989.  The  frequency  is  65  MHz 


Geophysics  Laboratory  Meteor  Scatter  Propagat ion/Connunicat ion  Progran 
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Monthly  awerage  waiting  tines  for  March  1989. 
as  a  function  of  transnitter  power  and  trail  duration 
The  bandwidth  is  6000  Hz. 

The  frequency  is:  65  MHz 


Figure  F7.  Same  as  Figure  F6  but  for  March  1989 


Figure  F8.  Same  as  Figure  F6  but  for  June  1989 


Geoohusics  Laboratory  Meteor  Scatter  Pronagation/CoMHunication  Progran 


Monthly  auerage  waiting  t inas  for  Septenber  1989. 
as  a  function  of  transnitter  power  and  trail  duration 
The  bandwidth  is  8000  Hz. 

The  frequency  is:  65  MHz 


Figure  F9.  Same  as  Figure  F6  but  for  September  1989 
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Figure  FI  1.  Monthly  Average  Waiting  Time  as  a  Function  of  Transmitter 
Power  for  Trails  of  50.  75.  150.  200.  400  msec  Duration  for  the  Month  of 
February  1989.  The  frequency  is  104  MHz 


Figure  F12.  Same  as  Figure  FI  1  but  for  March  1989 
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GeoRhusics  Laboratoru  rieteor  Scatter  Propagation/ConHunication  Progran 
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Monthly  awerage  waiting  tines  for  June  1989. 

as  a  function  of  transnitter  power  and  trail  duration 

The  bandwidth  is  8000  Hz. 

The  frequencg  is!  104  MHz 


Figure  F13.  Same  as  Figure  FI  1  but  for  June  1989 


Geophysics  Laboratory  Meteor  Scatter  Propagation/Connunication  Progran 
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Transnitter  power 


Monthly  auerage  waiting  tines  for  Septenber  1989. 
as  a  function  of  transnitter  power  and  trail  duration 
The  bandwidth  is  8000  Hz. 

The  frequency  is:  104  MHz 
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flonthltj  auar^ge  waiting  tines  for  February  1989. 
as  a  function  of  trail  duration  and  transnitter  Douer 
The  banduidth  is  8000  Hz 
The  frequency  is:  45  HHz 


Figure  F16.  Monthly  Average  Waiting  Time  as  a  Function  of  Duration  for 
Transmitter  Powers  of  10  kW,  IkW.  100  W.  10  W,  and  5  W  for  the  Month  of 
February  1989.  The  Frequency  Is  45  MHz 


Geophysics  Laboratory  heteor  Scatter  Propayat lon/Connunicat ion  Progran 


Honthly  average  waiting  tines  for  March  1989. 

as  a  function  of  trail  duration  and  transnitter  power 

The  bandwidth  is  8000  Hz. 

The  frequency  is:  45  Ntiz 


Figure  F17.  Same  as  Figure  F16  but  for  March  1989 
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Figure  F20.  Same  as  Figure  F16  but  for  December  1989 
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Figure  F2 1 .  Monthly  Average  Waiting  Time  as  a  Function  of  Duration  for 
Transmitter  Powers  of  10  kW,  IkW,  100  W,  10  W,  and  5  W  for  the  Month  of 
February  1989.  The  frequency  is  65  MHz 
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Figure  F27.  Same  as  Figure  F26  but  for  March  1989 
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Figure  F29.  Same  as  Figure  F26  bu^  for  September  1989 
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Figure  F30.  Same  as  Figure  F26  but  for  December  1989 
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Figure  F32.  Same  as  Figure  F31  but  for  March  1989 
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Figure  F36.  Monthly  Average  Waiting  Times  as  a  Function  of  Frequency 
for  Trails  of  50,  75,  100,  150,  200,  400  msec  Duration  for  the  Month  of 
February  1989.  The  transmitter  power  Is  1  kW 


Figure  F38.  Same  as  Figure  F36  but  for  June  1989 
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Figure  F40.  Same  as  Figure  F36  but  for  December  1989 
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Figure  F41.  Monthly  Average  Waiting  Times  as  a  Function  of  Frequency 
for  Trails  of  50,  75,  100,  150,  200,  400  msec  Duration  for  the  Month  of 
February  1989.  The  transmitter  power  is  100  W 


Figure  F42.  Same  as  Figure  F41  but  for  March  1989 
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Figure  F43.  Same  as  Figure  F41  but  for  June  1989 
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FiguK*  F44.  Same  as  Figure  F41  but  foi  September  1989 
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Figure  F46.  Monthly  Average  Waiting  Times  as  a  Function  of  Frequency 
for  Trails  of  50.  75,  100,  150.  200,  400  msec  Duration  for  the  Mon^  of 
February  1989.  The  transmitter  power  Is  10  W 
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Figure  F47.  Same  as  Figure  F46  but  for  March  1989 
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Figure  F48.  Same  as  Figure  F46  but  for  June  1989 


Figure  F49.  Same  as  Figure  F46  but  for  September  1989 
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